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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through  frequent 
inspections  can  unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or  corrected. 


Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probably  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff) ,  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should 
not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 
The  test  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 
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PHASE  1  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 
Watershed: 

Stream: 

Date  of  Inspection: 


Feeder  Dam  @  Glens  Falls 
I.D.  No.  NY-143 
(#378  -  UH) 

New  York 

Warren  -  Saratoga 
Upper  Hudson  River  Basin 
Hudson  River 
November  2,  1978 


ASSESSMENT 


>  Examination  of  available  documents  and  a  visual  inspection  of  the  dam 
did  not  reveal  conditions  which  constitute  an  immediate  hazard  to  human 
life  or  property.  However,  significant  deficiencies  and  deterioration 
was  observed  at  one  portion  of  the  c.om,  the  North  Bulkhead,  so  as  to  war¬ 
rant  additional  study  and  analysis  as  well  as  corrective  action  by  maintenance 
forces.  'Such  corrective  action  should  be  completed  prior  to  the  next  period 
of  anticipated  high  river  flows  (Spring  1980) .  All  additional  data  gathering 
and  investigations  should  be  completed  within  one  year  of  the  date  of  this 
Phase  1  report  and  all  remedial  measures  deemed  necessary,  based  upon  the 
findings  of  the  investigations,  should  be  completed  within  two  years  of  the 
date  of  this  report.  During  the  interim  period,  a  detailed  emergency-operation 
plan  and  warning  system  should  be  developed  and  implemented. 

A 

The  spillway  capacity  of  the  dam,  although  not  having  sufficient  discharge 
capacity  for  passing  one-half  the  Probable  Maximum  Flood  (PMF) ,  is  consid¬ 
ered  to  be  inadequate. v  For  such  a  large  storm  event,  a  high  tailwater  con¬ 
dition  would  result  in) the  flooding  of  the  downstream  hazard  areas.  Hence, dam 
failure  from  overtopping  would  not  significantly  increase  the  hazard  to  loss 
of  life  downstream  from  that  which  would  exist  just  before  overtopping  failure. 
In  addition,  the  structural  stability  analysis  performed  for  the  spillway  does 
not  indicate  unacceptable  factors  of  safety  for  either  overturning  or  sliding 
when  subjected  to  the  one-half  PMF  event. 

Other  deficiencies  found  during  the  visual  inspection  concerned  concrete 
surface  deterioration  and  cracking,  non-operable  or  non-existent  gate  machinery, 
and  an  overall  need  for  increased  maintenance  of  the  dam.<^  Such  deficiencies 
should  be  corrected  and  completed  by  maintenance  forces  within  two  years  of  the 
date  of  this  report. 


.Q__> 


Approved  By: 


Date: 


George  Koch 

Chief,  Dam  Safety  Section 
New  York  State  Department  of 
Environmental  Conservation 
NY  License /No.  45937 


New  York  District  Engineer 


OVERVIEW 


FEEDER  DAM  6  GLENS  FALLS 
(Looking  South) 
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PHASE  1  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
FEEDER  DAM  @  GLENS  FALLS 
I.D.  No.  NY-143 
(#378  -  UH) 

UPPER  HUDSON  RIVER  BASIN 
WARREN- SARATOGA  COUNTIES,  NEW  YORK 


SECTION  1:  PROJECT  INFORMATION 


GENERAL 


a.  Authority 

The  Phase  1  inspection  reported  herein  was  authorized  by  the  Department 
of  the  Army,  New  York  District,  Corps  of  Engineers,  to  fulfill  the 
requirements  of  the  National  Dam  Inspection  Act,  Public  Law  92-367. 

b.  Purpose  of  Inspection 

This  inspection  was  conducted  to  evaluate  the  existing  conditions  of 
the  dam,  to  identify  deficiencies  and  hazardous  conditions,  determine 
if  they  constitute  hazards  to  life  and  property,  and  recommend  remedial 
measures  where  necessary. 

DESCRIPTION  OF  PROJECT 

a.  Description  of  the  Dam  and  Appurtenant  Structures 

-The  Feeder  Dam  at  Glens  Falls  is  a  concrete  gravity  dam  having  a  615 
foot  long  ungated  river  spillway  section  with  flashboards  including  a 
20  foot  wide  inclined  logway#  ^a  North  Bulkhead  adjacent  to  the  spillway 
section,  114  feet  long  containing  6  vertical-lift  gates;  a  Feeder  Canal 
Intake  Structure  adjacent -to  the  North  Bulkhead,  64  feet  wide  containing 
a  tair.ter  gape  and  2  vertical-lift  sluice  gates;  a  65  foot  long  concrete 
abutment  wall  extending  into  the  existing  ground;  a  South  Bulkhead  adjacent 
to  the  spillway  section,  151  feet  long  containing  8  vertical  head  gates;  a 
35  foot  long  concrete  gravity  abutment  wall  extending  into  the  existing 
ground.  A  drawing  showing  the  pertinent  features  at  the  dam  is  included  in 
Appendix  H. 

An  operating  hydroelectric  power  station  is  located  immediately  Southeast 
of  the  spillway- South  Bulkhead  contact.  The  South  Bulkhead  gates  control 
the  inflow  to  the  forebay  of  the  power  station.  This  power  station  houses 
5  hydromachinery  units  which  discharge  into  a  river  tailrace  immediately 
downstream  of  the  dam. 

b.  Location 

The  dam  is  located  on  the  Hudson  River,  Southwest  of  the  City  of  Glens  Falls 
and  approximately  0.8  miles  Southeast  of  Interchange  18  of  Interstate  87. 


c.  Size  Classification 

This  dam  is  36  feet  high  and  impounds  a  reservoir  of  6200  acre-feet.  It 
is  classified  as  an  "intermediate1'  size  dam  (storage  capacity  between 
1000  and  50,000  acre-feet). 


d.  Hazard  Classification 


The  dam  is  classified  "high”  hazard  because  of  the  downstream  pop¬ 
ulations  located  in  South  Glens  Falls  and  the  City  of  Glens  Falls. 

e.  Ownership 

The  Feeder  Dam  at  Glens  Falls  is  owned  by  the  State  of  New  York,  Department 
of  Transportation  (NYS-DOT) ,  Waterways  Maintenance  Subdivision.  It  is 
located  in  DOT-Region  One,  whose  headquarters  are  in  Albany,  New  York. 

Waterways  Maintenance  Subdivision  Region  One 


New  York  State-DOT 
Main  Office  -  State  Campus 
1220  Washington  Avenue 
Albany,  New  York  12232 


NYS  -  DOT 
84  Holland  Avenue 
Albany,  NY  12208 


Director  -  Mr.  Joseph  Stellato 
(AC  -  518)  457-4420 


Waterways  Maintenance: 

Engineer  -  Mr.  John  Hulchanski 
(AC  -  518)  474-6715 


f.  Purpose  of  Dam 

The  primary  purpose  is  for  flow  diversion  into  the  Glens  Falls  Feeder 
Canal.  This  canal  supplies  the  Champlain  Barge  Canal, at  its  summit  located 
5  miles  downstream,  with  water  for  navigation.  The  dam  provides  a  storage 
pool  for  the  hydroelectric  power  station  and  it  also  functions  as  a  flood 
control  structure. 

g.  Design  and  Construction  History 

The  original  dam  at  this  site  was  constructed  prior  to  February  1870  as 
a  straight-aligned  crib  structure  extending  across  the  entire  river.  Saw 
mill  buildings  existed  near  the  present  locations  of  the  North  Bulkhead 
and  hydroelectric  power  station.  A  water-feed  by-pass  and  navigation 
lock  existed  at  the  present  location  of  the  Feeder  Canal  Intake  Structure. 

The  existing  concrete  gravity  dam  with  appurtenant  structures  was  constructed 
in  about  the  year  1913,  and  the  former  dam  located  just  upstream  was  removed. 
Power  station  construction  occurred  in  1923. 

h.  Normal  Operating  Procedures 

Water  flows  over  the  ungated  spillway  section.  Flow  diversions  from  the 
storage  pool  occur  through  the  Feeder  Canal  Intake  Structure  and  through 
the  head  gates  in  the  South  Bulkhead.  The  North  Bulkhead  gates  are  not 
operable. 

1.3  PERTINENT  DATA 


a.  Drainage  Area  (square  miles) 

2801 

b.  Discharges  at  Dam  (cfs) 

See  Page  3 
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DISCHARGE 

FEEDER 

NORTH 

CANAL 

SOUTH 

-k 

BULKHEAD 

SLUICE 

BULKHEAD 

(CFS) 

STAGE 

DESCRIPTION 

SPILLWAY 

GATES 

GATES 

GATES 

TOTAL 

282.0 

Spillway  Crest 

0 

3436 

104 

12936 

15936 

283.5 

Top-Bulkhead  Gates 

— 

4800 

186 

15408 

— 

284.9 

Top-Flashboards 

11055 

7338 

254 

22272 

40919 

287.5 

Top-Sluice  Gates 

— 

— 

334 

— 

290.0 

Top  of  Dam 

58029 

10350 

1178 

28392 

97949 

without  Flashboards 


Hydroelectric  power  station  machinery  (5  units) 


(cfs) 

5,000 


Maximum  recorded  discharge  (April  12,  1922)  56,876 

c.  Elevations  (Barge  Canal  Datum  -  BCD) 

Top  of  South  Bulkhead  297.0 

Top  of  Feeder  Canal  Intake  Structure  and  292.0 

North  Abutment  Wall. Existing  ground  @  North 
Abutment  Wall 

Top  of  Dam 

Top  of  North  Bulkhead  290.0 

Existing  ground  @  South  Abutment  Wall 

Top  of  Flashboards  284.9 


Spillway  Crest  282.0 
Inclined  Logway  Crest  280.0- 
Feeder  Canal  Sluice  Gates  -  bottom  279.5 
North  Bulkhead  gates  -  bottom  276.0 
South  Bulkhead  gates  -  bottom  270.0 


i 


Datum  Conversion: 

USGS  0.0  equals  BCD  1.18 

d.  Reservoir 
Top  of  Dam 

Top  of  Flf'hboards  -  Normal  Pool 
Spillway  'rest 
Logway  Crest 
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Surface  Area  (acres) 
493 
493 
493 
493 
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e. 


i 


w 

h 


-f 

vr* 

"a* 


Storage  Capacity  (est.) 

Top  of  Dam 
Top  of  Flashboards 
Spillway  Crest 
Logway  Crest 

f .  Dam 

Type:  Concrete  gravity  with 

appurtenant  structures 

Lender;: 

Spillway  Crest 
Inclined  Logway 

Heigh'.: 

Structural 


(acre-feet) 

10100 

7600 

6200 

5200 


(feet) 

615 

20 

(feet) 

36 


Width  @  Spixiw.13'  Crest:  ‘  (feet) 

Upstream  radius  2 

Downstream  radius  (ogee)  6 


Width  @  Logway  Crust: 

Dp. liters  radius 


T<»fai 


(feet) 

1 

3.5 


2.1 


Spi'.  Iwr, 
Typ-r : 


Ungated,  ogee-section,  concrete 
gravity  structure  including  va 
inclined  logway  and  having  wooden 
flashboard 


Weir  Length. 


Spillway  Crest 
Inclined  Logway 


Crest  Elevation  (BCD) : 


(feet) 

615 

20 


Spillway  Crest 
Logway  Crest 


282.0 

280.0 


Reservoir  Drain 


None 


i.  Appurtenant  Structures 
1)  North  Bulkhead: 

6  vertical  -  lift  gates  with  each  opening 
(7.5'  H  x  14.92'  W) 


Control  Machinery  -  inoperative 


Length  (feet) 

114 

Elevations  (BCD): 

Top 

290.0 

Top  of  Gate  Opening 

283.5 

Bottom  of  Gate  Opening 

276.0 

-4- 


2)  Feeder  Canal  Intake  Structure: 


Entrance  Control  structures: 

Tainter  Gate  -  15.8'  W 
Needle  Dam 

Canal  Discharge  Control  structures: 

Two  vertical  -  lift  sluice  gates  with 
each  opening  (81  H  x  6'  W) 

Width  of  entire  Intake  Structure:  (feet) 

@  Entrance  Control  Structures  64 

@  Discharge  Control  structures  50 

@  Feeder  Canal  (channel)  40 

Elevations  (BCD) : 

Top  (wall)  292.0 

Top  of  sluice  gate  opening  287.5 

Bottom  of  sluice  gate  opening  279.5 

Feeder  Canal  (channel)  invert  275.0 

3)  North  Abutment  Wall: 

Concrete  structure  extending  from  the  Feeder 
Canal  Intake  structure  into  the  existing 
ground. 

Length  (feet)  65 

Elevation  (BCD):  Top  292.0 

4)  South  Bulkhead: 

8  vertical  -  lift  gates  with  each  opening 
(13. 5'  H  x  15’  W) 

Control  machinery  -  non-existent 

Length  (feet)  151 

Elevations  (BCD) : 

Top  297.0 

Top  of  Gate  Opening  283.5 

Bottom  of  Gate  Opening  270.0 

5)  South  Abutment  Wall: 

Concrete  gravity  structure  extending  from  the 
South  Bulkhead  into  the  existing  ground. 

Length  (feet)  35 

Elevation  (BCD):  Top  290.0 


292.0 

287.5 

279.5 

275.0  (est.) 


»;7 :  -v;  -.-v 


6)  Hydroelectric  Power  Station; 

The  forebay  located  directly  downstream 
of  the  South  Bulkhead  leads  to  5  hydro¬ 
machinery  units. 

18  Bays  -  each  opening  (13.3'  W)  with  trash  racks 

5  Hydromachinery  units  -  each  @  1000  cfs  capacity 

Ice  sluice  located  at  the  East  end  of  the 

forebay;  opening  (6'*  diameter  concrete  pipe) 


Elevations  (BCD) : 

Design  High  Water 

290.0 

Top  of  Trash  Racks 

288.0 

Top  of  Flashboards  -  Normal  Pool  (Dam) 

284.9 

Minimum  Water  Surface 

282.0 

Design  High  Tailwater 

281.0 

Centerline  of  hydromachinery  units 

275.0 

Design  Low  Tailwater 

268.0 

Bottom  of  Trash  Racks 

266.25 

Bottom  of  hydromachinery  units 

251.5 
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SECTION  2:  ENGINEERING  DATA 


2.1  DESIGN 


a.  Geology 

The  Feeder  Dam  at  Glens  Falls  is  located  in  the  Hudson  Valley  Lowlands 
physiographic  province  of  New  York  State.  Rock  in  this  area  was  formed 
during  the  Ordovician  period.  The  bedrock  in  these  areas  is  predom¬ 
inantly  limestone  and  dolostone.  The  present  surficial  soils  have 
resulted  primarily  from  glaciations  during  the  Cenozoic  Era;  the  Wisconsin 
glaciation  being  the  most  recent  event  to  affect  this  area,  having 
occurred  approximately  11,000  years  ago. 

b.  Subsurface  Investigations 

No  records  of  any  subsurface  investigations  were  available.  Based 
on  the  plans  which  were  available  for  this  structure,  it  appears  that 
the  structure  is  founded  on  bedrock. 
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c.  Dam  and  Appurtenant  Structures 

The  present  dam  was  constructed  about  the  year  1913;  having  replaced 
a  crib  structure  which  had  been  in  existence  prior  to  February  1870. 

The  present  structure  was  designed  by  the  New  York  State  Department 
of  Public  Works  (now  NYS-DOT).  Drawings  for  the  construction  of  the 
present  dam  (Contract  No.  56,  Champlain  Canal  -  Section  2)  are  included 
in  Appendix  H) . 

Since  the  1913  dam  construction,  major  changes  have  been  made  on  both 
ends  of  the  structure.  The  NYS-DOT  modified  the  Feeder  Canal  end  of 
the  dam  by  removing  the  bypass  and  navigation  lock  and  installing  a 
tainter  gate  and  two  sluice  gates  for  flow  control  into  the  Canal  channel. 

A  drawing  showing  the  modification  is  included  in  Appendix  H.  The 
hydroelectric  power  station  was  constructed  adjoining  the  South  Bulkhead 
in  1923.  The  station  was  designed  by  Mr.  A.H.  White,  Chief  Engineer 
for  the  Moreau  Manufacturing  Corporation.  Drawings  for  this  construction 
are  included  in  Appendix  H.  Presently,  the  power  station  is  operated  by 
Niagara  Mohawk  Power  Corporation,  who  also  have  ownership  and  maintenance 
responsibility  for  the  flashboards  existing  on  the  spillway  crest. 

CONSTRUCTION  RECORDS 

No  records  were  available  regarding  the  construction  of  the  dam.  Corres¬ 
pondence  concerning  the  construction  of  the  power  station  was  obtained 
from  the  files  of  the  Department  of  Environmental  Conservation. 

OPERATION  RECORD 

The  dam  is  visually  inspected  on  an  irregular  basis  by  engineers  from 
NYS-DOT.  Mean  daily  water  levels  were  recorded  from  1916  to  1961  by  NYS-DOT 
using  a  gauge  located  just  upstream  from  the  canal  intake  gates.  These 
records  are  on  file  at  the  NYS-DOT  Region  One,  Waterways  Maintenance  Office. 
Although  the  gauge  still  exists,  no  readings  have  been  regularly  recorded 
since  1961.  Water  surface  levels  in  the  power  station  forebay  are  monitored 
on  an  irregular  basis. 
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EVALUATION  OF  DATA 

The  data  presented  in  this  report  was  obtained  from  the  files  of  the 
Department  of  Environmental  Conservation  and  the  New  York  State  Depart¬ 
ment  of  Transportation,  plus  conversations  with  Niagara  Mohawk  Power 
Corporation  engineers.  The  information  available  appears  to  be  adequate 
and  reliable  tor  Phase  1  inspection  purposes. 
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SECTION  3:  VISUAL  INSPECTION 


3. 1  FINDINGS 


a.  General 

Visual  inspection  of  the  Feeder  Dam  at  Glens  Falls  and  the  surround¬ 
ing  area  was  conducted  on  November  2,  1978.  The  weather  was  clear 
and  sunny  with  the  temperature  near  45°  F.  The  water  surface  elevation 
recorded  from  the  gauge  was  284.55. 

b.  Dam  -  Spillway 

No  flow  was  occurring  over  the  spillway  except  for  minor  quantities 
resulting  from  wave  action  over  the  top  of  the  flashboards.  The 
horizontal  and  vertical  alignment  of  the  crest  as  well  as  the  condition 
of  the  Spillway-North  Bulkhead  contact  were  satisfactory.  The  exposed 
concrete  surface  revealed  deterioration  over  its  entirety.  The  surface 
was  rough  and  uneven,  with  holes  and  depressions  resulting  from  the 
removal  of  concrete  and  aggregate.  Two  larger  eroded  depressions  were 
observed  on  the  Spillway  section  nearer  the  North  Bulkhead. 

The  flashboards  were  relatively  new  with  minor  leakage  in  several  locations 
occurring  under  the  boards.  The  horizontal  alignment  of  the  flashboards 
was  not  straight;  having  three  large  bowed-out  sections,  two  north  of 
the  logway  and  one  south  of  it. 

c.  Appurtenant  Structures 

1 )  North  Bulkhead;  This  structure  was  the  most  severely  deteriorated 
portion  of  the  entire  dam.  Deficiencies  consisted  of  cracked  concrete 
slabs,  spalled  and  eroded  concrete  surfaces,  reduced  structural  wall 
thicknesses,  and  leakage  through  concrete  walls.  For  clarity.  Bay  1  is 
that  lift-gate  section  of  the  Bulkhead  nearest  the  Feeder  Canal  Intake 
Structure  and  Bay  6  is  nearest  the  Spillway. 

The  following  deficiencies  were  observed: 

a)  Leakage  through  the  structural  concrete  vertical  members, 
referred  to  as  buttress  walls, nearest  the  gates  at  Bays  3/4, 

(most  severe),  1/2,  and  1/abutment. 

b)  Leakage  at  Bay  2  through  the  concrete  overhang  located  directly 
behind  the  vertical  plane  of  the  gate. 

c)  Leakage  of  the  gates  either  around  the  periphery  or  through  the 
wood  itself  or  both  at  all  6  Bays. 

d)  Deteriorated  concrete  buttress  walls  at  the  elevation  of  the 
gate  bottom  (276.0).  The  following  table  indicates  the  extent 
of  deterioration  from'  the  original  30  inch  thick  walls: 

Buttress  Thickness  Concrete 

Wall _ Remaining _ Loss 


1/2 

18" 

12" 

2/3 

21" 

9" 

3/4 

21" 

9" 

4/5 

22" 

8" 

5/6 

minor 
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e)  Concrete  cracking  entirely  across  and  through  the  top 
slab  spanning  Bay  6. 

f)  Structural  cracking  and  vertical  displacement  at  the  3ay 
6  concrete  overhang  -  spillway  abutment  contact. 

g)  Concrete  cracking  across  the  top  slabs  spanning  all  the  Bays, 
primarily  at  mid-span  and  at  each  end  of  the  span,  and  crack¬ 
ing  between  the  anchor  bolts  for  the  existing  gate  machinery. 

h)  Concrete  deterioration  of  the  bulkhead  base  slab  (Elev.  271. 0*) 
similar  to  the  surface  of  the  spillway. 

i)  Concrete  spalling  of  the  top  surface  of  the  Bay  1  top  slab. 

j)  Non-operable  gate  machinery  at  Bays  2,  3,  6  and  non-existent 
gate  machinery  at  Bays  1,  4,  and  5.  The  machinery  present 

had  steel  welded  to  the  gears  to  prevent  movement  of  the  gates. 

The  Spillway  -  Bay  6  abutment  wall  downstream  of  the  Bulkhead  was  in 
satisfactory  condition;  revealing  only  minor  spalling  of  the  concrete 
surfaces. 

2)  Feeder  Canal  Intake  Structure:  Visual  inspection  of  the  concrete 
surfaces  revealed  only  minor  concrete  surface  spalling  and  cracking.  The 
visible  portions  of  the  tainter  gate  and  concrete  needle  dam  were  in 
satisfactory  condition.  It  was  not  determined  if  the  tainter  gate  is 

a  fixed  or  moveable  flow  control  device.  The  sluice  gates  were  partially 
open  and  appeared  to  be  functioning  satisfactorily. 

This  Intake  Structure  transitions  into  the  mortar-surfaced  masonry  walls 
of  the  canal  (channel)  near  the  outlets  of  the  two  sluice  gates.  Inspect¬ 
ion  of  these  masonry  walls  revealed  concrete  cracking  and  joint  separation 
along  both  sides  of  the  channel.  Minor  leakage  from  the  canal  was  observed 
coming  through  the  river-side  wall  at  several  locations  downstream  of  the 
Intake  Structure.  Approximately  150  feet  downstream  and  along  this  wall, 
there  exists  a  3.5  foot  wide  vertical  sluice  gate  which  also  was  leaking. 
Dumped  stone-block  rubble  buttresses  this  outer  channel  wall. 

3)  North  Abutment  Wall:  This  concrete  structure  was  in  satisfactory 
condition.  The  top  of  this  wall  and  the  existing  ground  were  at  the 
same  elevation  with  no  indication  of  soil  erosion. 

4)  South  Bulkhead:  This  structure  could  not  be  closely  inspected 
because  of  a  locked  fence  barring  access  to  the  structure's  top  slab. 
However,  minor  concrete  cracking  and  spalling  was  noticeable  on  both 
upstream  and  downstream  vertical  surfaces  spanning  the  8  gates.  No  in- 
place  gate  machinery  existed  for  operating  these  head  gates.  However, 
flow  through  the  gates  into  the  forebay  was  occurring  unimpeded. 

5)  South  Abutment  Wall:  This  concrete  structure  was  in  satisfactory 
condition.  Some  existing  ground  directly  upstream  of  the  wall  had  been 
eroded  but  this  area  extended  only  10  feet  or  less  back  from  the  river's 
edge.  The  remainder  of  the  existing  ground  was  at  the  same  elevation  as 
the  top  of  the  wall. 
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6)  Hydroelectric  Power  Station:  This  operating  power  station  is 
under  the  regulatory  control  of  the  Federal  Energy  Regulatory  Com¬ 
mission  and  is  subject  to  their  inspection  criteria.  Therefore,  a 
detailed  inspection  of  this  structure  was  not  made.  However,  visual 
observations  of  the  areas  at  the  forebay,  ice  sluice,  and  tailrace 
did  rot  reveal  any  unusual  conditions. 

d.  Reservoir 

Trees  and  brush  as  well  as  open  fields  occur  along  the  river's  edge. 

There  was  no  signs  of  soil  instability  in  the  reservoir  area  immediately 
upstream  of  the  dam. 

e.  Downstream  Channel 

No  unusual  conditions  were  noticeable  in  the  downstream  Hudson  River 
channel.  Trees  and  brush  grow  to  and  along  the  edge  of  the  river. 

EVALUATION  OF  OBSERVATIONS 

Visual  observations  of  the  dam  (spillway)  did  not  reveal  any  problems 
which  would  affect  the  immediate  safety  of  the  structure.  The  deficiencies 
observed  can  be  corrected  by  increasing  the  maintenance  effort  expended 
on  this  particular  part  of  the  entire  river  structure. 

Visual  observations  of  the  North  Bulkhead  did  reveal  conditions  which 
could  affect  the  integrity  of  the  structure  if  allowed  to  deteriorate 
further.  Specifically,  leakage  through  the  structural  concrete  buttress 
walls  near  the  lift  gates,  concrete  deterioration  of  the  buttress  walls 
themselves,  and  the  structural  cracking  and  vertical  displacement  at  the 
Bay  6  -  Spillway  abutment  contact  are  of  particular  concern. 

Visual  observations  of  the  other  appurtenances  did  not  reveal  conditions 
which  would  affect  either  their  immediate  safety  or  the  safety  of  the 
dam.  The  deficiencies  observed  can  be  corrected  during  normal  maintenance 
operations. 


SECTION  4:  OPERATION  AND  MAINTENANCE  PROCEDURES 


4.1  PROCEDURE 

Normal  water  surface  is  at  or  slightly  above  the  top  of  the  flash- 
boards.  Flow  diversions  occur  through  the  Feeder  Canal  Intake  Structure 
and  through  the  South  Bulkhead  gates  (a  maximum  diversion  of  5000  cfs) 
for  hydroelectric  power  generation. 

4.2  MAINTENANCE  OF  DAM 

Maintenance  of  the  spillway  portion  of  the  dam  has  been  minimal.  Mainten¬ 
ance  of  the  flashboards  occurs  annually  and  often  times  more  frequently. 
Floating  ice  coming  downriver  during  the  early  Spring  removes  sections 
of  the  flashboards,  thereby  requiring  replacement  and  continuing  maintenance. 
Fifty  percent  replacement  is  not  uncommon  and  during  the  last  few  years, 
nearly  entire  replacement  has  been  necessary. 

4.3  MAINTENANCE  OF  APPURTENANT  STRUCTURES 

Maintenance  of  all  of  the  appurtenant  structures  excluding  the  power 
station  has  also  been  minimal.  However,  the  North  Bulkhead  structural 
member  concrete  deterioration  and  leakage  problems  requires  more  immediate 
attention.  Maintenance  of  the  lift-gate  machinery  has  been  minimal.  The 
Intake  Structure  sluice  gates  are  operational  for  regulating  the  Feeder 
Canal  channel  inflows.  However,  the  tainter  gate  and  needle  dam  operation 
is  unknown  although  they  appeared  to  be  functioning  properly.  The  head 
gates  at  the  South  Bulkhead  controlling  inflow  to  the  forebay  also  ap¬ 
peared  to  be  functioning  properly. 

4.4  WARNING  SYSTEM  IN  EFFECT 

No  apparent  warning  system  is  present. 

4.5  EVALUATION 

Operation  of  the  flow  control  sluice  gates  and  head  gates  appears 
satisfactory.  Maintenance  of  the  flashboards  is  also  satisfactory. 

Increased  maintenance  is  required  for  the  entire  dam  with  primary  emphasis 
placed  on  the  entire  North  Bulkhead  structure,  including  the  structural 
concrete  members,  buttress  walls,  gates,  and  gate  machinery.  In  addition, 
all  masonry  and  concrete  surfaces  should  be  repaired  as  necessary. 
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SECTION  5:  HYDROLOGIC/HYDRAUL'. J 


5.1  DRAINAGE  AREA  CHARACTERISTICS 

The  delineation  of  the  contributing  watershed  to  this  dam  is  shown 
on  the  map  titled  "Drainage  Area  -  Feeder  Dam  @  Glens  Falls" 

(Appendix  D) .  With  the  drainage  area  encompassing  some  2801  square 
miles,  the  Hudson  River  main  stem  travels  approximately  100  miles  from 
its  headwaters  south  of  Lake  Placid  to  the  Feeder  Dam  site.  Major 
tributaries  to  the  Hudson  River  are  the  Cedar,  Indian,  Boreas,  Schroon, 
and  Sacandaga  Rivers.  Numerous  lakes  including  Brant,  Schroon,  and 
Piseco  lie  within  the  basin  as  well  as  two  major  reservoirs;  Indian 
Lake  and  the  Sacandaga  Reservoir.  Over  three-fourths  of  the  basin 
lies  within  the  Adirondack  Mountain  area  where  elevations  rise  to  +5344 
at  Mount  Marcy.  Elevations  of  the  existing  ground  at  the  Feeder  Canal 
Intake  Structure  are  near  +290.  Large  areas  of  developed  land  relative 
to  the  size  of  the  drainage  basin  are  minimal,  the  largest  municipality 
being  Warrensburg. 

5.2  ANALYSIS  CRITERIA 

No  hydrologic/hydraulic  information  was  available  regarding  the  original 
design  for  this  dam.  Therefore,  the  analysis  of  the  spillway  capacity 
of  the  dam  was  performed  using  streamflow  gaging  station  records  (Appendix  D) 
and  data  contained  in  a  Corps  of  Engineers  report  entitled  "Upper  Hudson 
and  Mohawk  River  Basins  Hydrologic  Flood  Routing  Models".  The  methodology 
described  in  this  report  employed  the  Corps  of  Engineers  HEC-1  computer 
program  in  developing  a  model  that  correlated  well  with  past  known  major 
storm  events;  i.e.,  the  storms  of  October  1945,  December  1948,  and  June  1972. 
No  direct  computer  analysis  using  HEC-1  was  performed.  The  spillway  design 
flood  selected  for  analysis  was  the  PMF  (Probable  Maximum  Flood)  in  accordance 
with  recommended  guidelines  of  the  U.S.  Army  Corps  of  Engineers. 

5.3  SPILLWAY  CAPACITY 

The  single,  concrete  gravity,  ogee  spillway  with  the  flashboards  acts  as 
the  dam  in  forming  the  reservoir  pool  for  the  Feeder  Canal  Intake  Structure 
and  the  hydroelectric  power  station.  The  615  foot  long  overflow  section 
includes  an  inclined  logway,  20  feet  long,  that  is  located  175  feet  from 
the  North  Bulkhead. 

Discharges  for  the  weirs  and  gates  were  computed  using  both  weir  and 
orifice  flow  relationships  for  the  representative  water  surface  elevations 
analyzed.  The  flashboards  are  designed  for  failure  when  the  head  reaches 
1.5  to  2.0  feet  above  the  top  of  the  boards.  Hence,  all  of  the  analyses 
performed  assumes  no  flashboards  exist.  Maximum  discharges  through  the 
hydroelectric  power  station  existing  machinery  (5  units)  was  determined 
to  be  5,000  cfs. 

The  spillway  does  not  have  sufficient  capacity  for  discharging  the  peak 
outflow  from  one-half  the  PMF.  For  this  Sturm  event,  the  peak  inflow 
and  peak  outflow  is  149,500  cfs,  whereas  the  PMF  peak  discharge  is  299,000 
cfs.  The  computed  spillway  capacity  is  58,029  cfs. 

5.4  RESERVOIR  CAPACITY 

The  normal  water  surface  is  at  or  slightly  above  the  top  of  the  flashboards. 
Storage  capacity  for  that  water  surface  elevation  is  7600  acre-feet. 

Without  the  flashboards,  the  storage  capacity  at  the  spillway  crest  is 
6200  acre-feet.  Storage  capacity  at  the  logway  crest  is  5200  acre-feet. 
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The  total  storage  capacity  to  the  top  of  dam  (elev -tion  n .0)  is 
10,100  acre-feet.  The  limit  of  the  reservoir  pool  x  _i  German 
Island  power  station  and  diversion  dam,  located  approximately  6.8 
river  miles  upstream. 

FLOODS  OF  RECORD 

The  maximum  known  discharge  on  the  Hudson  River  was  recorded  upstream 
at  the  Spier  Falls  Dam  on  March  28,  1913  when  a  flow  of  89,100  cfs 
was  measured.  The  present  Feeder  Dam  was  under  construction  at  the 
time  and  newspaper  articles  for  the  period  indicate  the  dam  site  was 
flooded  and  only  a  small  cofferdam  washed  out.  The  main  cofferdam 
remained  solid  and  withstood  the  floodwaters.  The  maximum  recorded 
(gaged)  flood  occurred  on  April  12,  1922,  when  the  water  surface  reached 
elevation  289.9.  For  this  water  level,  the  computed  discharge  is  56,876 
cfs. 

The  flood  of  March  28,  1913  closely  correlates  with  the  Corps  of  Engineers 
HEC  computer  simulation  of  the  100-year  event  (90,000  cfs)  for  the 
Hudson  River  basin  above  the  confluence  of  the  Hudson  and  Sacandaga 
Rivers  near  Lake  Luzerne  (drainage  area  -  2708  square  miles).  Hence, 
if  this  flood  of  record  were  to  occur  again,  the  computed  water  surface 
elevation  would  be  292.45  and  the  present  dam  would  be  overtopped  to 
a  depth  of  2.45  feet. 

OVERTOPPING  POTENTIAL 

Analysis  indicates  the  spillway  does  not  have  sufficient  discharge 
capacity  for  either  the  PMF  or  one-half  the  PMF.  The  computed  depths 
of  overtopping  are  13.3  feet  and  6.2  feet  respectively.  All  storms  exceed¬ 
ing  approximately  19%  of  the  PMF  would  result  in  overtopping  of  the  North 
Bulkhead  and  the  South  Abutment  wall. 

EVALUATION 

The  spillway  capacity  is  inadequate  for  the  peak  outflow  from  one-half 
the  PMF.  For  such  a  large  storm  event,  a  high  tailwater  condition 
would  most  likely  occur  resulting  in  the  flooding  of  the  downstream 
hazard  areas.  Hence,  the  spillway  capacity  is  not  considered  to  be 
seriously  inadequate  since  dam  failure  from  overtopping  would  not  sig¬ 
nificantly  increase  the  hazard  to  loss  of  life  downstream  from  that 
which  would  exist  just  before  overtopping  failure. 

Another  reason  why  the  spillway  is  not  assessed  as  seriously  inadequate 
is  that  the  Corps  of  Engineers  report  does  not  properly  consider  the 
flood  storage  capability  of  Conklingville  Dam  at  the  Sacandaga  Reservoir. 
This  structure’s  primary  purpose  is  flood  control.  The  Hudson  -  Black 
River  Regulating  District  operates  this  structure  so  that  the  water 
surface  is  at  least  3  feet  below  the  spillway  crest.  This  three  foot 
depth  will  provide  about  75,000  acre-feet  of  storage.  Prior  to  the 
Spring  runoff  period,  the  normal  water  surface  is  kept  about  10  feet 
below  the  spillway  crest.  Further  evidence  in  support  of  the  flood 
control  capability  of  this  dam  is  that  there  has  been  no  flow  over  the 
crest  of  the  spillway  since  the  structure  was  completed  in  1930. 
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SECTION  6:  STRUCTURAL  STABILITY 

6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations 

Visual  observations  of  the  spillway  crest  did  not  reveal  any  signs 
of  major  distress.  Although  the  concrete  surface  was  deteriorated, 
this  condition  was  not  so  serious  as  to  affect  the  stability  of  the 
dam. 

The  poor  condition  of  the  North  Bulkhead  could  affect  the  integrity 
of  this  structure.  Concrete  deterioration  of  the  buttress  walls 
and  structural  cracking  at  the  Bay  6  -  spillway  abutment  contact  are 
evidence  of  the  weakened  condition  of  this  section  of  the  dam.  Visual 
observations  of  the  remaining  appurtenant  structures  did  not  reveal  any 
other  signs  of  major  distress. 

b.  Design  and  Construction  Data 

No  design  computations  or  other  data  concerning  the  structural  stability 
of  the  entire  dam  were  available. 

c.  Data  Review  and  Stability  Evaluation 

The  NYS-DOT  plans  show  a  cross  section  of  the  spillway.  A  stabiltiy 
analysis  was  performed  using  the  cross-section  information  shown,  plus 
simplifying  assumptions  made  in  the  analysis. 

Analyses  were  performed  assuming  that  the  concrete  key  extending  4  feet 
into  bedrock  under  the  upstream  toe  was  intact.  A  separate  analysis 
was  also  performed  assuming  the  concrete  key  separated  from  the  dam  and 
no  longer  functioned  as  part  of  the  structure.  Conditions  analyzed  were: 

1)  Normal  conditions  with  the  water  level  at  the  spillway  crest 
elevation. 

2)  Conditions  as  in  1),  plus  a  10,000  Ib/ft  ice  load. 

3)  Water  level  at  the  elevation  of  one-half  PMF;  a  flow 
depth  of  15  feet. 

4)  Conditions  as  in  3) ,  but  with  the  concrete  key  separated 
from  the  dam. 

The  safety  factors  for  overturning  and  sliding  for  the  spillway  section 
only,  obtained  from  the  analyses  are: 


CONDITION _ 

1)  Normal  water  level 

2)  Ice  load  plus  1) 

3)  One-half  PMF 

4)  One-half  PMF;  no  key 


FACTOR  OF  SAFETY 
OVERTURNING _ SLIDING 

21.40  38.22 

17.86  37. 18 

14.95  35.75 

1.45 
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18.06 


The  analyses  indicate  that  the  factors  of  safety  for  all  conditions 
analyzed  are  acceptable.  Only  for  condition  4  (one-half  the  PMF  and 
the  key  under  the  upstream  toe  offering  no  passive  resistance)  does 
the  factor  of  safety  fall  below  the  recommended  guidelines. 

The  spillway  was  considered  to  be  the  critical  portion  of  the  dam 
for  the  stability  analysis,  since  failure  of  this  section  would 
result  in  a  substantial  flood  wave.  While  the  North  Bulkhead 
(section  C-C  on  the  as-built  plans)  appears  co  be  a  more  critical 
section  for  stability  considerations,  failure  of  this  portion  of 
the  dam  would  simply  open  the  6  lift  gates  without  affecting  the 
stability  of  the  main  dam. 

d.  •  Post  Construction  Changes 

The  changes  to  the  entire  river  structure  do  not  appear  to  have ‘sig¬ 
nificantly  altered  the  structural  stability  of  the  dam.  The  conversion 
of  the  former  bypass  and  navigation  lock  into  the  present  Feeder  Canal 
Intake  Structure  occurred  primarily  within  the  limits  of  the  bypass-lock 
structure.  The  construction  of  the  hydroelectric  power  station  adjoining 
the  South  Bulkhead  buttresses  the  dam  at  the  Spillway  -  South  Bulkhead 
contact. 

e.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  2.  While  the  dam  appears  to  be 
relatively  stable,  a  seismic  stability  analysis  was  performed  in 
accordance  with  the  Corps  of  Engineer's  guidelines:  The  seismic 
analysis  was  performed  for  normal  conditions  with  the  water  level 
at  the  spillway  crest.  The  safety  factor  against  overturning  with 
seismic  considerations  included  is  20.58  and  against  sliding  is  37.97. 
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SECTION  7:  ASSESSMENT/RECOMMENDATIONS 


7.1  ASSESSMENT 


a.  Safety 

The  Phase  1  inspection  of  the  Feeder  Dam  did  not  reveal  conditions 
which  constitute  an  immediate  hazard  to  human  life  or  property.  The 
North  Bulkhead,  however,  does  exhibit  significant  deficiencies  and 
deterioration  that  could  affect  its  future  structural  integrity.  The 
spillway  and  appurtenant  structures,  are  not  presently  considered  to 
be  unstable. 

The  spillway  capacity,  although  not  having  sufficient  discharge  capacity 
for  passing  one-half  the  PMF,  is  considered  to  be  inadequate.  During 
periods  of  unusually  heavy  precipitation,  continuous  surveillance  should 
be  provided  both  at  the  dam  (especially  at  the  North  Bulkhead)  and  in 
the  downstream  areas  to  warn  of  hazardous  flooding  conditions.  Such 
surveillance  procedures  and  other  measures  should  be  documented  in 
a  detailed  emergency-operation  plan  for  the  dam.  Also,  a  warning  system 
should  be  developed  and  placed  in  readiness  for  future  use. 

b.  Adequacy  of  Information 

The  information  available  appears  to  be  adequate  for  the  purposes  of  the 
Phase  1  inspection. 

c.  Urgency 

The  deficiencies  occurring  at  the  North  Bulkhead  require  priority 
remedial  action  in  order  to  prevent  further  deterioration  of  this  part 
of  the  dam.  Such  remedial  action  and  corrective  measures  should  be 
completed  prior  to  the  next  period  of  anticipated  high  river  flows 
(Spring  1980).  Since  the  deficiencies  at  the  615  foot  long  spillway- 
overflow  section  encompass  the  entire  concrete  surface,  secondary 
emphasis  should  be  placed  on  rehabilitating  this  portion  of  the  dam 
also.  Such  remedial  measures  should  be  completed  following  the  restoration 
of  the  North  Bulkhead.  All  other  deficiencies  observed  during  the  visual 
inspection  can  be  corrected  during  normal  maintenance  operations. 

d.  Necessity  for  Additional  Investigations 

Further  structural  analysis  of  the  North  Bulkhead  to  ascertain  the 
integrity  of  this  part  of  the  entire  dam  is  recommended.  In  addition, 
information  regarding  the  location  and  top  elevations  of  the  former 
removed  dam  with  respect  to  the  existing  structure  is  desireable  since 
no  such  information  presently  exists. 

7.2  RECOMMENDED  MEASURES 

The  following  actions  should  be  undertaken: 

A)  North  Bulkhead: 

1)  Eliminate  the  leakage  through  all  concrete  members. 

2)  Rehabilitate  the  deteriorated  concrete  buttress  walls. 

3)  Repair  the  structural  cracking  and  vertical  displacement 
of  the  Bay  6  top  slab  -  spillway  abutment  contact. 
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4)  Rehabilitate  the  lift-gate  machinery  so  as  to  make 
them  operable. 

5)  Rehabilitate  all  deteriorated  and  cracked  concrete 
surfaces. 

6)  Eliminate  the  leakage  through  the  gates  themselves. 

B)  Other: 

7)  Perform  periodic  operation  and  maintenance  on  the 
tainter  gate,  needle  dam,  and  the  canal  sluice  gate 
hoist  machinery. 

8)  Establish  and  maintain  an  operating  mechanism  for  the 
South  Bulkhead  gates. 

9)  Rehabilitate  all  deteriorated  and  cracked  concrete 
surfaces. 

10)  Develop  and  implement  a  detailed  emergency-operation 
plan  and  warning  system. 

11)  As  a  result  of  the  completed  additional  investigations, 
further  remedial  measures  deemed  necessary  should  be 
completed  within  two  years  of  the  date  of  this  report. 


NORTH  BULKHEAD  (Looking  South) 


NORTH  BULKHEAD 

(Note-flow  occurring  from  leakage  through  the  structure) 


BUTTRESS  WALL  1/2  -  LEAKAGE  THRU  CONCRETE 
(North  Side) 


BUTTRESS  WALL  1/2  -  LOSS  OF  THICKNESS 
(North  Side) 


Check  List  Name  of  Dam  F&EPER.  PAM  (o> 

Engineering  Data  GjLEKi'b  fAlE^> 

gn  Construction  Operation  I.D.  .#  hly  -  i4-3 _ 
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APPENDIX  C 


VISUAL  INSPECTION  CHECKLIST 


a 
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VISUAL  INSPECTION  CHECKLIST 


1 )  Basic  Data 

a.  General 

Name  of  Dam  FEEDER.  Dam,  (2>  GlEkAS  FallE, 

1.0.  #  143 _ 

Location:  Town  QOEEMSftOft.^  7 _ County  WARE  Eli  -  ^ARA~fCAA 

*VOft£AU  ^ 

Stream  Name  KOP^QM  UlslEft _ 

Tributary  of  k/a _ 

Latitude  (N)  J,3°-  17' -  3p" _  Longitude  (W)  73°-  40- OP 

Hazard  Category  C _ 

Date(s)  of  Inspection  1 1  / Q  /  78 _ 

Weather  Conditions  ±  45°  OLfAQ _ 

b.  Inspection  Personnel  R.  CuA&gBiPEft.  W-  bf\UC.*L _ 


c. 


d. 


Persons  Contacted  Q. 

Ll^DQ-f  ~  a)A-jE^AOe  ^O&D\\l.  (^MAtU  oppiCE) 
History: 


fefrlChl.  OKIE  - 


Date  Constructed  1915 

0wner  .  N^iKir _ ^AfERiOAUe?  MAJkiy.  i^ori 

Designer  flyfe  (NOi?  ki^>i>OT) 

Constructed  by  PEPj:  op  Pofeuc.  cOORv^s 

2)  Technical  Data 


Type  of  Dam  ._CQiCRE7R-  ^RA^rpf  BW  u)/  APfuRJExiAk; ^CTUfiESb 

Drainage  Area  _  j&Ql  ..Sft .M)W£» _ 

Height  3>(J _ Length  &>)5  (+) _ 


Upstream  Slope 


Downstream  Slope 


2)  Technical  Data  (Cont’d.) 


External  Drains:  on  Downstream  Face 
Internal  Components: 

Impervious  Core 
Drains 


Cutoff  Type 
Grout  Curtain 


Ji/A. 


JjQtUL 


@  Downstream  Toe  k]/A 


k)  Instrumentation 


(5)  Other 


6 


7)  Downstream  Channel 


a.  Condition  (debris,  etc.)  4  ,  D&L$A 

~p  - 


b. 


Slopes  m/A 


c.  Approximate  number  of  homes  C-ftlES  Op  €>OU]X  C)i,  j-A<  i -S 

4  Gleb’S  f-AU-S - - - — - 


8)  Reservoir  Drain/Outlet 

Type:  Pipe _  Conduit  _  Other  KlOklEL 

Material:  Concrete  _________________  Metal  __________________  Other 

.Size:  .  Length  _______________________________ 

Invert  Elevations:  Entrance  ____________________  Exit  _ _ 

Physical  Condition  (describe):  Unobservable^ _ 

Material:  _ _ _ 

Joints:  _____________________________  Alignment:  ______________________ 

Structural  Integrity: _ _ 


Hydraulic  Capability: 


Means  of  Control:  Gate _  Valve  _  Uncontrolled 

Operation:  Operable  _________  Inoperable  _________  Other 

Present  Condition  (describe):  _____ _ 


9)  Structural  ,  . 

« 

a.  Concrete  Surfaces  ^Pgj-uJAv  Cgg5£  -  Um£.\je>1  DSTEdicfcATED  EoCFACE  •  un 

6MCOTH  ComC.  ACLEA  0£KMMiUG|  >  -3  LA(&,E.  ERC^.Cw  DeP££3S.C  mS  kiCG.^  bp  i-C^uA^ 

AC^Cft£QA-[E  Hoi  _ _ _ 

_ SOdfACS  PEiEUvO&A-pOta  -  TCP  ^LAfe  &  j&Ll _ __ 

KiOfc-JH  &0  LK-HEAO  B*So  ‘SlA£>-  OeqefenOtOVjflOW  eirtu-Aft.  TO  SpUJuu-Vf  CUES' i 
_ 1-EESEd  AdEAfe  op  tfALuDC-) _ _ Akk^2^£2£j£-  SoR-FACES 

b.  Structural  Cracking  ngqtt  feULdUEAD  ipP  SiAft  -  @.  /WfTS  i  (2)  „EMte  op  EACH 
BA^  •  AC60  ter^ESC  Auctod  BOi-pb  Fed  C^AfE  MACHlMEd'f  1 

_ _ _ Q-p^Ed  SUfcfACE  CkAC^Li)^  __Ojj — C^MCRf-TS  ^Lg^£g» 

-SKfrttflgAd-F . @  ePlUU)A^  ABUTMEtXj* . (_A*^Q  ^SgLgBB^r) 

c.  Movement  -  Horizontal  £  Vertical  Alignment  (Settlement)  _ _ 

•  6>A^  6  -  epiLLtJA«f  ABirpHEuy  com. Tag-  -.  VeqipAL  &i^Place/4Bj;t 


d. 


e. 


Junctions  with  Abutment  >-w»  Embankments  <SOiL  ERxynovJ  fgt>  ^ujH 

AfaJrjM&dJ  u)ALL  (3  fclME£3  EP(y£  f^MO  EFFECT _ pjl , 


fSPlLLuJA^  JUKdC-potJ  .0/  BULdHEAP 

t C>!  <3onjM  BoucHEAQ 


Drains  -  Foundation,  Joint,  Face 


-  avpspAg -\re^ 

—  _ 


f.  Water  passages,  conduits,  sluices  klcS^H  BQluHEAP  -  SKfriiFlOAUT  UAM^E 
THtLO  COMCdEjE  6cj|te9S  ldAU3  BqUEEM  £)A1E3  ~}  CqA^B  MACHiMQLf-  (/aoPefcA-pvJE 

FEEDER.  CAUAL  igAtfc  ‘STft.OC'jDt.E  -  lAmjElL  §A~]E  ’  MEEDUE^AH  ^^LO^^pES 

- — ^\'P^?rAc]^^ _ _ _ ’ _ — - 

eog-pr  feOMCUEM)  r>M-p  Si£a^  -  SA^SfAqa^  MO  GA]E 

g.  Seepage  or  Leakage  FlA S&&MS&  -  MiUod  _ 

UOft-fM  6Oi4&H0Vp  - ‘en^MlflOAOj  \  THfcU  C'OMCBEfB  ;  IHflO  uXODCjAJES 

FEE9 Ed  CACA L  (CH AjuU&L)  -  ALouOj  UlV/Ed-S>»0&  u>ALU  “  (£  SuOiCE  ~^AfE 

u>aL  OQ^^ydEAM  op  DAM  _ _ _ _ 


Intake  Structures 


APPENDIX  D 

HYDROLOGIC/HYDRAULIC 
ENGINEERING  DATA  AND  COMPUTATIONS 


CHECK  LIST  FOR  DAMS 
HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


1 


Fee  PER.  PAM  @ 
GjLfcME*  FAU-S 


AREA -CAPACITY  DATA: 


1)  Top  of  Dam  (_6ouvJ\L\d) 

2)  Design  High  Water 
(Max.  Design  Pool) 

3)  Auxiliary  Spillway 

Crest 

4)  Pool  Level  with 

Flashboards 

5)  Service  Spillway 

Crest 


DISCHARGES 


&A£C,E.  Ca^AL  P4TM  -  &CD 

Elevation 
(ft.) 

390.0 

m/a 

M/A 

3&Q.O 


Storage  Capacity 
(acre-ft.) 


1Q1QQ 


7600 


Co  300 


Volume 

(cfs) 

.n/a _ 

53000 

_J^S _ 

n/a _ 

M/A  . 


AA3QO 
5000  (MA*) 


1)  Average  Daily 

2)  Spillway  @  Maximum  High  Water  (Wi-piOUT  R^fiCAflS*?) 

3)  Spillway  @  Design  High  Water 

4)  Spillway  @  Auxiliary  Spillway  Crest  Elevation 

5)  Low  Level  Outlet 

6)  Total  (of  ail  facilities)  @  Maximum  High  Water 

* 

7)  Maximum  Known  Flood  (j^ECctLDED) 

6)  ^D£OEL£qH\C.  ^TATICV)  ►lAGHIHER.^  (5  OWrp&) 


Surface  Area 
(acres) 

493 _ 


A93 

493 


CREST: 


ELEVATION:  390-0  (<bCD) 


Type:  concrete  GftAsirpf  ( ^Cl-  -  spum*^  Kicqu  6ouch6ap  .  feeder  camal. 

<bTUOCT0  2-£  ,  Hcii-tH  “-'ALL  )  '  ^OUfVt  BoueittEAD  ;SOi>7H  AbOT?-\eW7  u. ALL  J 

Width:  VAftJAftL.g _  Length:  I  04.  A,1 _ 

Spillover  Cftgyp  op  ^P'LLiOA^ _ 

Locat'on  ,  _ 


SPILLWAY: 


PRINCIPAL  EMERGENCY 

_ 383.0  (6CD^ _  Elevation  _ 

£5 EE.  .  1 .  -CCMCRETE  Gi^ANiff  Type  _ MOUE 

7  U3/FLASM  eOAROS 

_  Width  _ 

Type  of  Control 

_ v/ _ Uncontrol  led  _ 

Control  led: 

3-91  FLASuftOAtLO*?  Type 

(jityy  (2>  loc,u)A^  (Flashboards;  gate! 

_ OQfrqMOite  Number  _ 

_ 615* _ W«e/Lengtb  _ 

Invert  Material  _ 

Anticipated  Length 

of  operating  service  _ 

______  Chute  Length  __________________ 

Height  Between  Spillway  Crest  _ 

&  Approach  Channel  Invert 
(Weir  Flow) 


m/a 
>4 il 


3 


OUTLET  STRUCTURES 


Type:  Gate 


Sluice 


Conduit 


Penstock 


Shape 

Size: 


8ot-£t-IEAP  •  FE 


Elevations:  Entrance  Invert 


Exit  Invert 


Tail  race  Channel:  Elevation  -  &i\je 


HYDROMETEROLOGICAL  GAGES: 


Type  :  6^ 

Location:  *6f 


INTAKE  <3]1tJL)C-p( 


Records: 


(us^s) 


Date  -  |( 


Max.  Reading  - 


FLOOD  WATER  CONTROL  SYSTEM: 


Warning  System: 


Method  of  Controlled  Releases  (mechanisms): 


DRAINAGE  AREA: 


^  -MnEe 


DRAINAGE  BASIN  RUNOFF  CHARACTERISTICS: 


Land  Use  -  Type: 
Terrain  -  Rel ief : 


Surface  -  Soil: 


(+)  °f  area  im  A&iftojmcv 


Runoff  Potential  (existing  or  planned  extensive  alterations  to  existing 
(surface  or  subsurface  conditions) 


FLOOD  ‘S'piLA^fe.  -  A  JXEKiOAT>CNi 


Potential  Sedimentation  problem  areas  (natural  or  man-made;  present  or  future) 


Potential  Backwater  problem  areas  for  levels  at  maximum  storage  capacity 
including  surcharge  storage: 


Dikes  -  Floodwalls  (overflow  &  non-overflow  ) 
Reservoir  perimeter: 

Location:  kl/A _ 

Elevation:  _ 

Reservoir: 

Length  @  Maximum  Pool  _______________ 

Length  of  Shoreline  (@  Spillway  Crest) 


-  Low  reaches  along  the 


(Miles) 

(Miles) 


;  ■  Z  v- 
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SHEET  NO. 

'/ 

CHECKED  BY 

SUBJECT  , 

3r.‘-jA.^E  A; ’.A  T  -  A  £  A 

COMPUTED  8Y 

■ACL 
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PROJECT  GRID 
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PROJECT  GRID 


^y, 


9s?* 
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GA-17  (4/70) 


NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


PROJECT  GRID 


OAK  ft  G-fcUS*  Fall's 


[SHEET  NO. 


SUBJECT 


D\£ch/',  t.£  Cr.Lr";Cis-V7i  -  App-jr;::v)/-u-  •£-;  ; 


CHECKED  BV 


COMPUTED  BY 


!A4v^Ao/i' 


-1 i  o-  !  0 


MCtciTr-i  I  OiOLiVC 


■■EHSSRiRIIIMIBllCTIfil 


nil 


amsaal!g:ljaM 
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PROJECT  GRID 


FttO&fc  Da/A  @  QtSMS  rALL'b 


SUBJECT 


COMPUTED  BY 

-OCL 


MRESISI 


DieCHACSE. 


gBaSBnBEaaBBBaaBnBKiBBggaSgaa 

i  1 1  mill  mu  ii  it 


laumiiiiiiuniniiH 

IHilMMa—i 


iii 


^^mSmKs^^SSM 


!  !  ! 


■HHHHHMIBaHHBann 

■■■■■■■■■■ 


GA-17  (4/70)  NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 

PROJECT  GRID 


J08 

Fs.’iDL.k  Dam  (p)  eus  Fau_=> 

SHEET  NO. 

8/ 

CHECKED  BY 

SUBJECT 

D13CHAI  .V£b  THli-J  6olv'.hc\D  0;A :;=£■ 

COMPUTED  BY 

•  M  * 

^ 

S\4e 


■■■■■■iinniiunMnilnuM 

ipuMffineaanaHinniiannnnnii 


IB 


8B11BHHBWHIIH 

— MMUMB 


HANDBOOK. 

H^CAOUC' 
Sfrt  £o. 
TAftLE  5-b 


mmi 


^JiRnBUHnaunii 

gggBHlBgaBBgllBWWII 


TCTAl- 

DV^CHAG^E 


uiiHiniiiiiiiimniiiii 
■■■■■■■■!!■■■■  ■—■■■■■■■■■! 

MRpnmHn^Bntnnsu^^HH 
■■■■■■■iimmnauuni 


391 
3513 
46c>  0(p 
77  -  j 
Wlo3 


imniii 


iurnmninw 


90QC3  4 


TOTAL 

363  33 

07(obO> 

33610 

3l5o3 

35443 

31  \2>g> 

33743 

40330 

41730 

433 06 

44604 

45944 

47356 

4353C  ! 


BhBS 
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PROJECT  GRID 


J08 

FEED  ER.  PAN\  (o)  QLcMO  rALLS 

SHEET  NO. 

_\o/ 

CHECKED  BY 

DATE 

SUBJECT  -c-r-  \ 

Dv£?4Ai  Tu  R  0  S_  )  "E.  GATE—  (  ‘bTELxrrW'.E  ) 

COMPUTED  8Y 

? 

S' 

uj  r 

D 

lit! 

!  i  ■  .  1  J  ,  i  : 

: -  •  i - 

i  i  '  i  i 

i _ i _ 1 _ i _ ; 

.  «  i.,.  t. 

r  r 

■ ..  s  i- 

!  1  * 

1 

I^LiOV 
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.  .  i 

1 
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NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


PROJECT  GRID 
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NEW  YORK  STATE  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION 


PROJECT  GRID 


JOB 

Rledek.  Dam  Gjuimo  Fall's 

SHEET  NO. 

'V 

CHECKED  BY 

DATE 

SUBJECT 

Cz-3L’a.O'V;  -  s'PHAGZ.  CAiMC'.tV 

COMPUTED  BY 

.oCL 

DATE 

4/lO/7$ 
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DRAlsiAGjE.  ‘  AdEA  • 

FEEDER.  DAM  @ 
G|L£we  FALL'b 


U)&P  *1303 


HUDSON  RIVER  BASIN 


65 


i 


'ver  at  CorUrllngvllle,  H.  Y. 


-•one 

July 

Aue. 

Sept. 

The  year 

0.96 

0.42 

0.25 

0.15 

•39.04 

..76 

.41 

.38 

.23 

32.40 

3.85 

.39 

.51 

.65 

•27.50 

1.66 

•.36 

.25 

*.72 

•18.02 

.  .cs 

.23 

.21 

.60 

•29.95 

.-.29 

.25 

.15 

.19 

30.14 

.54 

.43 

‘.35 

.51 

23-71 

.53 

3.00 

3.10 

.97 

22.63 

:.09 

*1.03 

*,27 

•.35 

•27.01 

* .  43 

*1.31 

*.31 

•27.20 

12 

•.*’5 

*  .23 

* .  82 

•25.33 

?'• 

•  . '  * 

*  €•> 

*.96 

•?6.fl5 

M*. 

*.40 

*  CC .55 

•.<9 

*.48 

*.26 

*26.86 

-.71 

2.06 

.94 

.50 

33.47 

.81 

.40 

.20 

.43 

23.93 

.94 

.47 

.34 

.77 

30.23 

1.33 

2.44 

1.72 

1.05 

30.12 

1.02 

1.00 

.65 

1.27 

32.19 

:.12 

.75 

1.08 

1.40 

27.74 

.19 

2 .00 

1.03 

.71 

36.80 

.  86 

1.22 

.44 

1.04 

31.03 

- 

- 

* 

- 

- 

-.lished. 


•  SCCOld 


'  .  ! 

Calendar  year 

*  lusted  1 

/ 

Observec 

Adjusted*/ 

Per 

square 

~!ie 

-ur.sff 

In 

:**kes 

Mean 

Kean 

Runifr 

In 

Inches 

*25. 

!4 

. 

2,360 

30.48 

2.23 

22. 

40 

- 

2,480 

31.99 

*  2.03 

•27. 

50 

- 

2,240 

28.80 

•1.33 

*19. 

C6 

_ 

•1,970 

*25.28 

*2.20 

•29 

95 

- 

*2,120 

*27.28 

2.22 

20 

14 

. 

2,200 

28.26 

1.74 

23 

71 

• 

1,600 

20.52 

1.67 

22 

63 

- 

1,960 

25.12 

•1.99 

♦27 

01 

*2,070 

*26.69 

*2.01 

•2? 

20 

• 

*2,120 

*27.25 

•1.86 

♦25 

33 

- 

♦2,170 

*27.85 

*2.13 

•28 

05 

- 

*2,220 

*26.57 

*1.95 

•25 

55 

- 

•2,160 

*27.80 

*1.98 

•rs 

86 

_ 

*1,920 

*24.63 

2.47 

33 

47 

. 

2,360 

30.24 

1.76 

23 

93 

> 

2,080 

26.68 

2.22 

30 

22 

• 

2,340 

30.16 

2.22 

30 

12 

- 

2,730 

35.09 

2.37 

32 

19 

_ 

2,330 

29.92 

2.04 

27 

74 

- 

2,470 

31.75 

2.71 

35 

8C 

- 

2,210 

28.40 

2.29 

31 

C3 

• 

2,550 

32.69 

1.98 

25 

98 

1,530 

1,810 

23.26 

1.46 

19 

83 

1,440 

1,650 

23.73 

1.68 

25 

5‘ 

2,290 

2,260 

29.40 

c.cc 

27 

22 

1,814 

1,620 

21.00 

:  24 

'j 

:: 

1,433 

1,410 

18.34 

:  -* 

2‘ 

2,298 

2.240 

29. 19 

2..? 

'I 

42 

?,J89 

2,292 

29.86 

5 .  t- 

3: 

10 

2,292 

2,302 

29.92 

1.64 

24 

93 

1,912 

1,948 

25.31 

1.82 

24 

75 

1,824 

1,618 

21.04 

1.76 

23 

94 

1,831 

2,130 

27.78 

1.3: 

17 

92 

1,471 

1,347 

17.52 

1.6S 

25 

.20 

2,046 

2,002 

26.02 

2.44 

33 

.0^ 

2,451 

2,386 

31.02 

1.76 

24 

.23 

1,765 

1,766 

23.03 

2.46 

33 

.39 

3,038 

3,165 

41.15 

2.2' 

30 

.89 

1,675 

1,818 

23. 6S 

:.49 

jj 

'9 

2,607 

2,529 

32.75 

1.5: 

24 

1.907 

2,174 

28.34 

1.64 

25 

•  v4 

l  2,008 

1,968 

25.59 

2.13 

29 

.63 

1_T_ 

“ 

- 

:c  >Urch  X930. 

-noff ,  Jn  inches,  since  March  1930, 

*  natu-sl  runoff  because  of  uncertain- 
j-ne»e  figures  are  not  published  herein. 


J 


46.  Hudson  River  at  Spier  Falls,  N.  Y.i/ 

Location. —La t  43*14*29",  long  ,  on  right  bank  0.5  mile  downstream  from  Spier 

Fal.s  dam,  11  miles  southwest  of  Glens  Falls,  Warren  County,  and  about  11$  miles  down¬ 
stream  fren  Sacandaga  River. 

Pra inarc  area. --2 .779  sq  mi,  revised.  At  site  used  prior  to  June  1.  1904,  2,817  sq  ml 
(re-  J seJTT  and  June  1,  1904,  to  Sept.  30,  1912,  2,755  sq  mi  (revised). 

Cage..-  Wa.c;  -  tige  recorder  at  present  site  and  datum  since  October  1912.  Datum  of  gage 
Is  ft  abo/e  mean  low  tide  at  New  York  Clt>  (levels  by  New  York  State  Water 

Suppn  C  ission).  Jar.nry  1899  to  December  1908  staff  gage  at  site  about  14  miles 
dow.i.ttrcaa  at  different  datum,  and  June  1904  to  December  1912,  staff  gage  about  7 
oiU  upstream  from  described  site  at  different  datum. 

Average  discharge. — 23  years  (1899-1922),  5,391  cfs  (unadjusted). 

Extremes. — 19*2-22:  Maximum  discharge,  89,100  cfs  Kar.  28,  1913  (gage  height,  18.59  ft); 
minimum,  aUut  5.5  cfs  Sept.  23,  1917. 

Re<yarks.--f»a^  *al  fi  w  affected  by  suruv  in  Indian  Lake  and  many  small  lakes  and 
.*  •>*?•/.,:.  i  in-'  upp-r  f  *'  .*♦•  -v  c  win  Diurnal  f.uct-Uicn  -A.rrtd  by 

mills  and  at  ,ve  stall  \ 

Ccor.emt is n . - -Suae  gage  heights,  discharge  mca-uiu Tents,  and  hourly  discharges  furnished 
by  "Interna t It na  1  Paper  Cu. 


Monthly  and 

early 

r.ean  discharge 

!n  cubic  feet  per  second 

V»te*i 

zr»r 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

The  year 

1399 

. 

. 

. 

3,527 

1,902 

$,ocs 

16,811 

9,561 

1,617 

1,150 

- 

1,347 

1900 

1,033 

5,098 

5,157 

3,211 

t7 ,074 

3,934 

16,914 

6,358 

2,834 

1,248 

1,682 

1,110 

4,595 

1901 

1,243 

♦3,008 

3,198 

1,027 

1,547 

3,445 

21,154 

8,395 

6,256 

2,190 

2,531 

2,463 

4,7$9 

1902 

2,679 

2,133 

4,771 

2,422 

2,216 

13,316 

7,C60 

4,692 

5,293 

7,204 

4,743 

2,486 

4,949 

1903 

4,841 

5,191 

4,951 

3,72e 

5,238 

17,040 

6,398 

2,561 

7,184 

4, 554 

4,466 

3,060 

5,780 

1904 

6,691 

3,733 

3,546 

4,839 

3,403 

7  ,C09 

16,030 

10,250 

5,520 

2,460 

3,030 

2,890 

5,787 

1905 

7,830 

2,840 

2,C80 

2,600 

1,860 

5,030 

18,200 

t7,COO 

9,900 

6,580 

3,570 

9,350 

6,400 

1906 

4,340 

4,730 

4,790 

6,400 

3,950 

4,580 

16,200 

10,400 

6,120 

3,860 

2,020 

1,870 

5,770 

1907 

2,210 

3,150 

2,300 

6,240 

2,110 

6,510 

13,100 

11, ICO 

3,670 

2,650 

1,720 

2,800 

4,820 

1908 

6,220 

10,200 

7,710 

5,320 

6,070 

9,830 

19,800 

16,300 

2,760 

•1,84C 

•1,220 

*933 

*7,320 

1909 

*1,240 

*1,560 

•1,770 

3,990 

8,590 

5,91C 

23,400 

15,500 

4,860 

1,560 

1,390 

1,250 

•5,870 

1910 

1,310 

1,450 

1,200 

2,430 

2,410 

16.CCC 

14,900 

0,880 

8,820 

1,450 

1,820 

2,270 

5,260 

1911 

2,420 

2,740 

1,540 

2,640 

2,040 

2,790 

14, "CO 

8,770 

•4,220 

*1,770 

*1,320 

•1,830 

*3,eso 

1912 

•5,330 

5,690 

8,680 

3,320 

2,540 

4,e60 

23, '•GO 

11,900 

3, 180 

1,-10 

1,420 

1,810 

*6,130 

1913 

♦3,300 

6,260 

4,900 

8,530 

2,980 

21,120 

12,900 

5,480 

3,330 

1,2  >0 

976 

939 

♦6,030 

1914 

2,090 

5,150 

2,990 

1.S90 

1.710 

2,750 

24,400 

9,660 

1,650 

i,eoo 

1,510 

1,770 

4,750 

1915 

1,330 

72,010 

2,370 

4,180 

5,060 

5,1 7C 

9,410 

3,850 

1,570 

5  ,7(0 

5,460 

2,300 

4,030 

1916 

2,890 

3,090 

3,200 

5,330 

6,430 

4,940 

18,0CC 

12,300 

4,990 

2,550 

1,430 

1,520 

5,540 

1917 

1,520 

2,530 

4,350 

2,540 

2,000 

5,010 

17,900 

8,270 

12, COO 

3,2"0 

1,740 

i,eio 

5,230 

1918 

3,350 

4,870 

2,040 

1,500 

2,320 

7,600 

19. ICO 

e,7io 

3,680 

1,9  50 

1,450 

2,310 

4,920 

1919 

3,800 

6,440 

5,130 

3,890 

2,530 

9,300 

14,600 

11,100 

3,06'J 

2,290 

1,760 

2,670 

5,550 

1920 

3,920 

6,090 

4,060 

2,210 

1,830 

6,710 

20,900 

7,460 

2,410 

2,220 

2,040 

1,610 

5,110 

1921 

2,260 

3,090 

9,410 

3,280 

2,630 

18,600 

9,480 

4,250 

1,640 

3,750 

1,720 

1,460 

5,170 

1922 

1,730 

4,280 

4,410 

2,260 

2,C40 

0,210 

23, ’CO 

9,900 

10,100 

S,C30 

2,340 

1,950 

6,370 

1923 

1,890 

1  930 

1,450 

3,160 

2,090 

3,600 

- 

- 

- 

- 

- 

. 

- 

•  Only  monthly  figures  revised;  revised  daily  figure?  not  publls^.ed. 
t  Corrected. 

t  Not  previously  published;  partly  estimated  on  basis  of  records  for  nearby  stations. 


Yearly  dlacha rge.  In  cubic  feet  per  second 


Year 

i 

V.S.P. 

no. 

Water 

year  ending  Sept.  30 

Calendar  year 

Momentary  maximum 

Minimum 

day 

Ke-n 

Per 

square 

mile 

Runoff 

in 

Inches 

Mean 

Runoff 

In 

inches 

Discharge 

Date 

1899 

47 

_ 

_ 

- 

. 

- 

_ 

. 

_ 

1900 

47 

- 

- 

20 

4,595 

1.63 

22.13 

4,281 

20,62 

1901 

65 

_ 

_ 

20 

4,769 

1.69 

23.01 

4 ,9SO 

23,89 

1902 

82 

- 

- 

30 

4,949 

1.76 

23.67 

5,367 

26.02 

1903 

125 

- 

360 

5,780 

2.05 

27.85 

5,607 

27.45 

1904 

125,  *01 

- 

710 

5,767 

?.os 

28.09 

5,656 

27.72 

1905 

’c: 

- 

•  tj  ‘}^ 

6.4CG 

2.32 

ji  :* 

S.IjC 

z:  ^9 

1906 

301 

. 

1,440 

:,770 

2.09 

In  4  4 

r 

?J.i33 

1907 

301 

- 

1,360 

4,820 

1  75 

23.73 

6,190 

30.50 

1908 

301 

- 

750 

•7,320 

•2.66 

•36.20 

*5,690 

•28.14 

1909 

301 

- 

800 

•5,670 

•2  13 

•28.94 

*S,e20 

•28.69 

1910 

301 

- 

984 

5,260 

1  91 

25.90 

5,490 

27.02 

1911 

301 

_ 

1,000 

•3,850 

*1.40 

•18.95 

•4,940 

•24.36 

1912 

321 

- 

1,110 

•6,130 

*2.23 

*30.31 

45,692 

♦28.08 

1913 

351 

09,100 

Mar.  28,  1913 

151 

♦6,030 

♦  2.17 

♦29.48 

5,670 

27.71 

1914 

381 

52,200 

Apr.  21,  1914 

401 

4,750 

1.71 

23.19 

4,300 

♦21.38 

1915 

401 

26,600 

Apr.  13,  1915 

467 

4,030 

1.45 

tl9. 71 

4,320 

21.12 

*  Revised. 

t  Corrected. 

*  **’Ot  previously  published. 


^/  Published  as  "at  Port  Edward,"  1099-1900  (records  to  May  1904  used  herein),  as  "at 'Corinth," 
June  1904  to  December  1912  (records  to  September  1912  used  herein),  and  "at  Spier  Ps-la"  since 
October  1912. 
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HUDSON  RIVER  BASIN 


t 


Yearly  discharge,  in  cubic  feet  per  second,  of  Hudson  River  it  Spier  Falla,  H.  Y. --Continued  Monthly  mean  discharge,  in  cubic  feet 


■ 

_ 

Water 

year  ending  Sept.  30 

Year 

■SI 

■ 

Kay 

Year 

Momentary  raxlmus 

Minimum 

Per 

Runoff 

Runorr 

194S 

■Hi 

- 

- 

Discharge 

Date 

day 

m»n 

wile 

Inc  fie  A 

i’*— 

Inches 

1946 

1916 

28,000 

Kay  19,  1916 

192 

5,540 

1.99 

27.13 

5,470 

26.62 

1947 

H 

- 

94.1  • 

191? 

;  K 

38,100 

June  12,  1917 

505 

5,230 

1.88 

25.57 

5,380 

26.31 

1948 

ICC 

132  . 

1918 

34, 50C 

Apr  4,  1910 

CCS 

4,920 

1.77 

24.07 

5,360 

26.20 

1349 

144  1 

1919 

SOI 

32,000 

Apr.  13,  1919 

722 

5,550 

2.00 

27.19 

5,450 

26  52 

1950 

- 

:  28  • 

1920 

soi 

29,000 

Apr. 1,3,  1920 

335 

5,110 

1.84 

25.05 

5, 160 

25.37 

1921 

521 

32,800 

Mar.  22,  1921 

419 

5. ft* 

1.86 

25.26 

4,800 

23.45 

1922 

541 

58,000 

Apr.  13,  1922 

SC3 

6,370 

2.23 

31.14 

5,940 

29.03 

19?? 

561 

- 

- 

- 

- 

- 

- 

- 

49.  3:nd  Cr. 

.‘.ate.  “on**'*'  'itfi..*,  of  discharge  per  5i«arA  ille  and  runoff,  in  Inches,  previously  published,  * 

aay  ne  subject  to  considerable  errgi  “mUua  o:  57-p»rs.-.-  ■—  -*  — .  I“-d? toy?  aid  ither  T  nation.  --Lat  4 3*18' 25"  ,  l.Tg  73*32 

scwll  lakes  and  reservoirs  In  the  basin.  These  figures  are  not  published  herein.  a  quarter  ul  a  aiiC  Upstream  free 

half  a  mile  upstream  from  Barge  .. 
mouth  at  Port  Edward. 


47.  Glens  Pall?  feeder  at  Glens  Falls,  N.  Y. 


Drainage  area.* *14 .7  sq  mi. 


Location .--Lat  43*  17 '30'',  long  73*39 ‘55",  on  right,  bank  at  upstream  end  of  feeder  canal 
in  'ity  of  Glens  Falls  Warren  County. 

fare. --Water -stage  recorde*.  Datum  of  gage  Is  at  mean  sea  level  (Barge  Cinil  datum). 

Auxiliary  water-stage  recorder  1,000  ft  dowr.streim  from  cement  mill  and  3.3  miles  down¬ 
stream  from  base  gage. 

Re-arks.— Plow  regulated  In  accordance  wltn  requirements  of  Champlain  Canal  and  for  float¬ 
ing  logs.  No  diversion  in  winter  months,  during  wr.lch  periods  the  feeder  may  carry  a 
small  flow  representing  leakage  through  head  gates. 

Cooperation  .--Records  June  1919  to  June  1921,  ar.d  October  1924  to  September  1925,  not  pre¬ 
viously  published  by  Geological  Survey,  furnished  by  State  engineer  ar.d  surveyor  of  New 
York. 


Gage . --Water-stage  rec:rs?r.  Dat^m 
Canal  latm) . 

Ex; -o-e-.— 1947-50.  yaxi-.-m  slscr.l: 
minimum ,  0  6  cfs  Aug.  11,  12,  13,. 

Remarks. --During  canal  navigation  sc - 
a  mile  below  gage  into  Lake  Cnams_ 
Dunham  Basin. 


Monthly  ard  yearly  • 


Water 

year 

cs 

Peb. 

1947 

. 

_ 

- 

1948 

1.23 

4.71 

na 

2.43 

18  6 

1949 

2.49 

27.5 

RQ 

37.7 

23.3 

1950 

2.84 

9.94 

EM 

tenthly 


water 

year 

Oct. 

ISM 

Dec. 

Jan.  | 

Pab. 

1947 

„ 

_ 

. 

-  j 

. 

1948 

0.10 

0.36 

0.33 

0.19  | 

1.36  1 

1949 

.20 

2.08 

4.29 

2  96  ] 

2.07 

1950 

.22 

.75 

1.62 

2  £1 

.96 

Ye4.-.y  disc 


Year 

1 

W.S.P. 

no. 

»it«r 

Moren; 

;ary  -ixl-*.- 

mam 

|  :a;e 

1947 

1081 

. 

• 

1348 

1111 

1,070 

Mar.  2C,  1348 

1949 

1141 

1,370 

Dec.  31,  1346 

1-50  | 

11?1 

662 

Mar.  2r.  1350 

52.  Eat 

L  catDn.— Lat  43*04 '40r,  U'»  73*t. 
SlgmTay  313  at  ArlingUr., 

Dralr.are  area.- -152  sq  ml. 

Gage  --Water- stage  recorder.  Datum 
Prior  to  Nov.  18,  1941,  craln  gag 


48.  Glens  Falls  feeder  at  Dunham  Basin,  N.  Y. 


Average  d 1 sc narge.- -22  years  (1323-t 


:.J  v  ».--l^t  ;3>ie,*.:/’ ,  .on.'  ?'  c.,lT6C'’ .  u  ..ft  to.,  v  AiSningl.r.  C-unty, 

lu'j  ft  upstream  from  Bsm  xirook,  and  o  ml_.es  d-Aiwlrvum  irv?  feeder  aam  at,  Glens  Falls. 

Pare . -Water-stage  recorder.  Datum  of  gage  Is  139.88  ft  above  mean  sea  level  (Barge 
Canal  datum). 


sispe-arca  svltrr.’/atl/.  a*,  ga^c 
minimum  observed,  43  cf z  A*g.  i 1. 

Remarks.— Diurnal  fluctuation  at  low 


Remarks.— Flow  during  navigation  season  is  net  diversion,  through  Glens  Falls  feeder,  y  published  as  Bond  Brook  at  Xrj iaa 

free  the  Hudson  River  basin  to  the  summit  level  of  the  Champlain  Division  of  the  Jarge 
Canal,  and  is  regulated  in  accordance  with  requirements  of  the  canal.  Plow  during 
remainder  of  year  ccnsl3t3  of  leakage  through  head  gates  and  runoff  from  area  tribu¬ 
tary  to  feeder  above  station.  This  flow  may  continue  during  period  of  no  record. 
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'■**  at  Spier  Polio,  X.  V. --Continued 


Calendar  y car 

Per 

Runoff 

Runoff 

aqua re 

In 

Mean 

In 

rile 

Inches 

lrch-*3 

1.93 

27.13 

5,470 

26.82 

1.63 

25.57 

5,380 

23.31 

1.77 

24.07 

5,360 

26.20 

2,Oj 

27.19 

5,450 

26.62 

1.94 

25.05 

5,180 

25.37 

1.26 

2S.2G 

4,800 

23.45 

?.29 

32.11 

5.940 

29.03 

?alls,  i\\  Y. 

at  upstream  end  of  feeder  canal 

sea  leu'.  (Barge  Canal  data's). 

:rcx  cerent  sill  and  3.3  miles  down- 

t?  of  Cni-plaln  Canal  and  for  float¬ 
ed  periods  the  feeder  may  carry  a 

*r  19i<  to  September  1925,  rot  pre- 
State  engineer  ar.d  surveyor  of  New 


,  its  j 
,  isi  l 


.  Basin,  X.  Y. 

at  Durhas  Basin,  Washington  County, 
reas  frer.  feeder  data  at  Glens  Falls. 

.  8bn#  van  sea  level  (Barge 


-n,  tnrr-gr.  Olens  Falls  feeder, 

-.ne  Cr.arplain  Division  of  the  Barge 
c.nts  cf  the  canal.  PIoh  during 
•ates  anl  runoff  free:  area  tribu- 
.-<r  during  period  of  no  record. 


Monthly  Bean  discharge.  In  cubic  feet  per  second,  of  Plena  Palis  feeder  at  Dunhaa  B<aln,  N.  Y. 


Year 

Apr. 

Kay 

June 

July 

Aug. 

Sept. 

Oct. 

•Nov. 

1945 

1946 

1947 

1948 

1949 

1950 

102 

128 

94.1 

132 

144 

128 

92.3 

107 

116 

109 

102 

79  2 
96.6 
120 

101 

95.0 

75  2 
125 

109 

111 

94  0 

56.3 
149 

113 

117 

99.3 

139 

59.7 

166 

143 

137 

119 

149 

69.2 

173 

162 

1S5 

126 

49.  Bond  Creek  at  Dunhxr  Basin,  U  Y .]/ 


a  q-jrttr  A  a  \I.e  up-ti^m  fr^s  a.  •.  ..  a*  s  atari  r  Cni.’pl.lr»  ....  \. . 

half  a  rni^e  upstroara  frv,a  Barge  Can*.  I0:.*trp.air.  Division),  and  A  miles  upstream  from 
r.cuth  at  Fort  Ed*ard. 

Drainage  area.  — 14.7  sq  Bi. 

Gage. ““Water "stage  recorder.  Datum  of  gage  is  140.30  ft  above  mean  sea  level  (Barge 
Canal  datum). 

Extremes . *-1947-5.0 ;  Maximum  discharge.  1 ,370  cfs  Dec.  31,  1948  (g^ge  height,  8.52  ft); 
minimum.  0.6  cfs  Aug.  11,  13,  1949  (gage  r.elgr.t,  1.73  ft). 

Remark 3. ““During  canal  navigation  season,  a  portion  cf  the  flc*  is  di;crted  at  point  half 
a  mile  below  gage  into  Lake  Champlain  basin  tnrough  summit  le/el  cf  Champlain  Cariai  at 
Dunhaa  Basin. 


Monthly  ar.d  yearly  rear  discharge,  ir.  cubic  feet  per  ueco-.d 


Water 

year 

Oct. 

Nov. 

Dec.  I  Jan. 

Peb. 

Kar. 

Apr. 

K»y 

June 

July 

Aug.  | Sept. 

The  year 

1947 

. 

“  I  “ 

. 

„ 

. 

. 

23.3 

3.31  1  1.55 

. 

1948 

1.23 

4.71 

4  17  2.43 

18.6 

91  1 

2'. 4 

15.2 

16.0 

9  "0 

3.4?  !  I  45 

16.6 

1949 

2.49 

27.5 

5;. 6  37.7 

29.3 

29.0 

14  i 

4.74 

1.3? 

i  *  •  i  . 

17  3 

1950 

2.84 

9  94 

20.7  j  32.2 

13.  C 

.  2 

25 

5.69 

3. 23 

1  ■>? 

1  S'*  1  4  29 

16  2 

Monthly  and  yea rl y  runoff,  in  inches 


Water 

year 

Oct. 

Nov. 

Dec. 

Jan. 

Peb. 

Kar. 

Ayr. 

Kay 

June 

Jul/ 

Aug. 

Sept. 

The  year 

1947 

. 

- 

. 

. 

. 

„ 

1  83 

0.26 

0.12 

_ 

1948 

0.10 

0.36 

0.33 

0.19 

1.36 

7.14 

2.09 

1.27 

1.21 

.77 

.43 

•n 

15.35 

1949 

.20 

2.08 

4.28 

2  95 

2.07 

2.28 

1.11 

.37 

.10 

.09 

.12 

.32 

15.98 

1950 

.22 

.75 

1  62 

2.53 

.96 

5.59 

1.93 

.45 

.25 

.16 

15 

.33 

14.94 

Yearly  discharge,  lr.  cubic  fett  per  second 


Year 

w.s.p. 

no. 

Water  year  ending  Sept.  30 

Calendar  year 

Moron 

ary  ir 3*1  nun 

Klnlnux 

day 

Mean 

Fer 
a qua re 
rile 

Runoff 

In 

Inches 

Mean 

honor f 
in 

inches 

Discharge 

Date 

1947 

1031 

- 

- 

. 

. 

. 

. 

_ 

. 

me 

mi 

1,070 

Kar.  20,  1948 

1.0 

16.6 

1.13 

15.35 

22.8 

21.12 

1949 

1141 

1,370 

Dec.  31,  1948 

.6 

17.3 

1.18 

15.90 

13.0 

12.01 

1950 

1171 

862 

Kar.  29,  1950 

1.0 

16.2 

1.10 

14  94 

“ 

- 

50.  Batten  hill  at  Arlington,  Vt. 

»  W.”.  \  t/i’.y  b  f  ups*"  a-*  fr  ^  bril/ro  ,«t  ,*vc 


Drair  f~'-  „q  mi. 

flags.- -'Water-stage  recorder.  Datum  of  gage  Is  597.68  ft  above  near.  30a  level,  unadjusted. 
Prior  to  Nov .  18,  1941,  cnain  gage  at  downstream  side  of  bridge  at  cane  datum. 

Average  d igchary* .  —22  years  (1928-50),  333  cf3. 

Ex_trer.es. —192e “50:  Maximum  discharge,  11,100  cfs  Mar.  18.  1936  (gage  height.  11.3  ft, 
present  cite,  fr'.ta  f  lou  marks ) ,  from  rating  c*rve  extended  above  5,200  cfs  on  basis  of 
slope-area  determination  at  gage  height  10.3  ft  and  computation  of  peak  flow  over  dam; 
minimum  observed,  43  cfs  Aug.  11,  1333. 

Remark  ~ .  -  -Piurna  1  flue  tout  ion  at  low  f  i  ,v.  caj.  t.  o  j  n*. it  v»  «'.a:S  n. 

1/  Published  ts  Bond  BrocK  at  Cunhaa  Basin  prior  to  October  1950. 
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HU33C'.  RIVER  BASIN 


3270.  Glens  Pall*  feeder  at  Glens  Palls.  X*  T. 


Location.— Lat  43*17,30",  long  ?3*39'5$,‘,  on  right  bank  at  upstreaa  end  of  feeder  canal 
in  city  of  Glens  Palls,  Warren  County. 

Records  available.* -June  1919  to  October  1920,  Jure  1921,  October  1924,  June,  July, 

September,  1^25 ,  June  1927  to  Septeeber  19€0  (navigation  seasons  only).  Monthly  dla- 
charge  only  for  some  periods,  published  In  WSP  1302. 


gage.— Water-stage  recorder.  Datum  of  gage  It  at  mean  sea  level  (Barge  Canal  datua). 


Remarks.— Plow  regulated  In  accordance  with  requirements  of  Champlain  (Barge)  Canal  and 
for  floating  log3.  No  diversion  In  winter  months,  during  which  periods  the  feeder 
may  carry  a  small  flow  representing  leakage  through  headgates. 

Correct Ion. --In  WSP  1302  the  monthly  mean  discharge  for  November  1945  Is  listed  in  error; 
ItsHould  be  159  cfs. 


Monthly  ee'an  discharge,  In  cubic  feet  per  second 


water 

year 

Oct. 

Mov. 

Dec. 

Jan. 

Pah. 

Mar. j  Apr. 

May 

June 

July 

AUC. 

3tpt. 

11m  yaar 

1951 

140 

131 

- 

- 

- 

-  i  - 

130 

135 

145 

152 

139 

- 

1952 

170 

144 

- 

- 

- 

-  I  - 

- 

127 

146 

ISO 

153 

• 

1953 

160 

155 

- 

- 

- 

- 

Ill 

135 

133 

137 

146 

- 

1954 

148 

145 

- 

- 

- 

-  i  - 

126 

137 

166 

152 

142 

- 

1955 

152 

- 

“ 

- 

- 

’  ;  * 

“ 

131 

144 

137 

140 

- 

1956 

160 

. 

- 

- 

- 

! 

136 

139 

158 

155 

151 

- 

1957 

140 

179 

• 

• 

- 

• 

133 

147 

135 

140 

131 

- 

me 

160 

146 

- 

- 

- 

175 

140 

133 

121 

124 

- 

1959 

122 

139 

- 

- 

- 

* 

ize 

133 

143 

117 

136 

- 

1940 

166 

130 

“ 

- 

- 

‘ 

135 

142 

124 

126 

141 

- 

'  3275.  Glens  Falls  f eeder  at  Dunham  Basin,  H.  1. 

location. —Lat  43*18'15".  Iona  73*32,50".  oo  laft  bank  at  Dunham  Basin,  Washington 
County,  100  ft  upatream  from  Bond  Creek  mod  8  miles  downstream  from  feeder  dam  at 
Olens  Falla. 

Records  available.— September  1945  to  Septe^ir  1960  (navigation  seasons  only). 

Page . --Water-stage  recorder.  Datum 'of  gage  la  139.88  ft  above  mean  aea  level  (Barge 
Canal  datum). 


|  d  Remarks . — Plow  during  navigation  season  la  net  diversion  through  Olens  Falla  feeder, 

J  from  the  Hudson  River  baslr.  to  the  summit  level  or  the  Champlain  (Barge)  Canal,  and 

]  la  regulated  In  accordance  with  requirements  of  the  canal.  Flow  during  remainder  of 

I  year  consists  of  leakage  through  headgates  and  runoff  from  area  tributary  to  feeder 

.  I  above  station.  This  flow  may  continue  during  period  of  no  record. 


3280.  Bond  Creek  at  I» 


T  oeatlon.— Lat  43»18'2S"  .  long  73*32'SS".  on  1 
— County ,  a  quarter  of  a  mile  ups'.rvat  irom  O 
Canal,  half  a  mile  upstream  from  Cha-plaln 
mouth  at  Fort  Edward. 

Dralr.are  a  ret. **14. 7  sq  ml. 

a.eeMe  available.— June  1947  to  September  198 
—  cord  brook  at  Dunhaa  Basin. 

Cage.— Water-stage  recorder.  Datum  of  gaga  is 
Canal  datum). 

tv.rar.  discharge  .-13  years  (1947-50),  18.*  t 

Extremes. -1947-60:  Maximum  discharge,  1.M0 
ninimum,  0.4  cfs  July  18,  19,  1959. 

R#«carks  —During  canal  navigation  season, 
^!t7  a  mile  below  gage  Into  Lake  Champlain 
_ i  at  rhtnhfl*  Basin. 


Monthly 


Water 

Oct. 

Mov. 

Dec. 

Jan. 

rab. 

Mar. 

4| 

1951 

1952 

1953 

1954 

1955 

1958 

1957 

1958 

1959 

1960 

0.14 

1.16 

.25 

.13 

.16 

3.36 

.26 

.17 

.44 

.38 

0.69 

2.74 

.42 

.14 

1.63 

2.35 

.41 

.77 

.64 

2.73 

1.85 
2.59 
2.50 

*67 

1.54 

•55 

.86 

3.85 
.60 

2.41 

1.21 

3.35 

2.19 

.71 

.31 

.71 

1.77 

2.01 

1.21 

1.65 

4.46 

2.14 

2.92 

4.28 

2.51 

.30 

1.C8 

.57 

.59 

2.38 

4.47 

5.31 

4.0 

2.6* 

5.41 

1.40 

1.7* 

s.ss 

1.34 

2.04 

Monthly  nean  discharge,  la  cubic  feet  per  second 


Water 

Oct. 

Mov. 

Dec. 

Jan. 

Feb. 

rar. 

Mr. 

May 

June 

July 

AUf. 

Sapt. 

Iba  year 

Yearly  dlacbai®»»  1 

1951 

1952 

1953 

119 

153 

126 

144 

2 

- 

; 

- 

91. 2 

111 

131 

107 

124 

99.5 

128 

118 

151 

110 

126 

m 

Year 

wsr 

Momntanr  m«lm» 

Mlal»* 

143 

153 

- 

- 

- 

113 

110 

109 

94.4 

108 

112 

- 

Discharge 

Date 

449 

1955 

1956 

1957 

1958 

1959 

1960 

126 

166 

128 

136 

109 

134 

155 

178 

166 

133 

131 

126 

_ 

_ 

2 

: 

99.8 

134 

120 

158 

128 

134 

100 

127 
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Reclamation  and  Soil  Conservation  Service.  Many  other  agencies,  educa¬ 
tional  facilities  and  private  consultants  can  also  provide  expert  advice. 
Regardless  of  where  such  expertise  is  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated. 

4.3.4.  Freeboard  Allowances.  Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator' will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require¬ 
ment.  Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary  to  provide  a  safe  condition.  Parameters  that  should  be 
considered  include  the  duration  of  high  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  from  a  critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves. 

4.4.  Stability  Investigations.  The  Phase  II  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 
soil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  bedrock 
including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 

and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements,  strains,  suspected  excessive  internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  such  as  limestone,  gypsum, 
salt,  basalt,  claystone,  shales  or  others  are  involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A  concrete  core  drilling  program 
snoula  be  undertaken  only  when  the  existence  of  significant  structural 
cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2.  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 
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information.  Geologic  information  that  should  be  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre¬ 
tation;  maximum  past  overburden  at  site  as  deduced  from  geologic  evidence; 
bedding,  folding  and  faulting;  joints  and  joint  systems;  weathering; 
slickensides ,  and  field  evidence  relating  to  slides,  faults,  movements 
and  earthquake  activity.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  joints,  slickensides  or  fissured  .  ’.terial, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  may  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

The  results  of  stability  analyses  afford  a  means  of  evaluating  the 
structure's  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications.  Results  of  stability  analyses  should  be  reviewed 
for  compatibility  with  performance  experience  when  possible. 

4.4. 2.1.  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven¬ 
tional  equivalent  static  force  method  of  analysis  should  be  obtained  by 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be. applied 
as  a  horizontal  force  at  the  center  of  gravity  of  the  section  or  element. 
The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1  through  4.  Seismic  stability  investigations  for  all  high 
hazard  category  dams  located  in  Seismic  Zone  4  and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3  should  include  suitable  dynamic  pro¬ 
cedures  and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  they  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  involving  seismological  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
analyses  may  be  based  upon  either  time-history  or  response  spectra  tech¬ 
niques.  The  results  of  dynamic  analyses  should  be  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  most  adverse 
earthquake  which  might  occur  near  the  project  location. 

4. 4. 2. 2.  Clay  Shale  Foundation.  Clay  shale  is  a  highly  overconsolidited 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales  require  special  measures 
in  stability  investigations.  Clay  shales,  particularly  those  containing 
montmorillonite,  may  be  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clay  shales  may  be  quite  low  and  high  pore  water  pres¬ 
sures  may  develop  under  increase  in  load.  The  presence  of  slickensides 
in  clay  shales  is  usually  an  indication  of  low  shear  stength.  Prediction 
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of  field  behavior  of  clay  shales  should  not  be  based  solely  on  results  of 
conventional  laboratory  tests  since  they  may  be  misleading.  The  use  of 
peak  shear  strengths  for  clay  shales  in  stability  analyses  may  be  uncon¬ 
servative  because  of  nonuniform  stress  distribution  and  possible  progres¬ 
sive  failures.  Thus  the  available  shear  resistance  may  be  less  than  if 
the  peak  shear  strength  were  mobilized  simultaneously  along  the  entire 
failure  surface.  In  such  cases,  either  greater  safety  factors  or  residual 
shear  strength  should  be  used. 

4.4.3.  Embankment  Dams. 


4. 4. 3.1.  Liquefaction.  The  phenomenon  of  liquefaction  of  loose, 
saturated  sands  and  silts  may  occur  when  such  materials  are  subjected 
to  shear  deformation  or  earthquake  shocks.  The  possibility  of  lique¬ 
faction  must  presently  be  evaluated  on  the  basis  of  empirical  knowledge 
supplemented  by  special  laboratory  tests  and  engineering  judgment.  The 
possibility  of  liquefaction  in  sands  diminishes  as  the  relative  density 
increases  above  approximately  70  percent.  Hydraulic  fill  dams  in 
Seismic  Zones  3  and  4  should  receive  particular  attention  since  such 
dams  are  susceptible  to  liquefaction  under  earthquake  shocks. 

4.4.3. 2.  Shear  Failure.  Shear  failure  is  one  in  which  a  portion  of  an 
embankment  or  of  an  ombankraent  and  foundation  moves  by  sliding  or  rotating 
relative  to  the  remainder  of  the  mass.  It  is  conventionally  represented 
as  occurring  along  a  surface  and  is  so  assumed  in  stability  analyses, 
although  shearing  may  occur  in  a  zone  of  substantial  thickness.  The 
circular  arc  or  the  sliding  wedge  method  of  analyzing  stability,  as  per¬ 
tinent,  should  be  used.  The  circular  arc  method  is  generally  applicable 
to  essentially  homogeneous  embankment-0  x  id  to  soil  foundations  consisting 
of  thick  deposits  of  fine-grained  soi-  containing  no  layers  significantly 
weaker  than  other  strata  ir  the  foundation.  The  wedge  method  is  generally 
applicable  to  rockfill  dams  and  to  earth  daras  on  foundations  containing 
weak  layers.  Other  methods  of  analysis  such  as  those  employing  complex 
shear  surfaces  may  be  appropriate  depending  on  the  soil  and  rock  in  the 
dam  and  foundation.  Such  methods  should  be  in  reputable  usage  in  the 
engineering  profession. 

4. 4. 3. 3.  Loading  Conditions .  The  loading  conditions  for  which  the  embank¬ 
ment  structures  should  be  investigated  are  (I)  Sudden  drawdown  from  spill¬ 
way  crest  elevation  or  top  of  gates,  (II)  Partial  pool,  (III)  Steady 
state  seepage  from  spillway  crest  elevation  or  top  of  gate  elevation, 

and  (IV)  Earthquake.  Cases  I  and  II  apply  to  upstream  slopes  only; 

Case  III  applies  to  downstream  slopes;  and  Case  IV  applies  to  both  up¬ 
stream  and  downstream  slopes.  A  summary  of  suggested  strengths  and 
safety  factors  are  shown  in  Table  4. 
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4,4. 3.6.  Seepage  Analyses.  Review  and  modifications  to  original 
seepage  design  analyses  should  consider  conditions  observed  in  the 
field  inspection  and  piezometer  instrumentation.  A  seepage  analysis 
should  consider  the  permeability  ratios  resulting  from  natural  deposi¬ 
tion  and  from  compaction  placement  of  materia-^  with  appropriate 
variation  between  horizontal  and  vertical  permeability.  An  under¬ 
seepage  analysis  of  the  embankment  should  provide  a  critical  gradient 
factor  of  safety  for  the  maximum  head  condition  of  not  less  than  1.5 
in  the  area  downstream  of  the  embankment. 


F.S  =  ic/i  =  Hc/Db  -  Db  (Ym  -Yw)  (2) 

hY„ 

ic  «  Critical  gradient 

i  »  Design  gradient 

H  *  Uplift  head  at  downstream  toe  of  dam  measured  above 
tailwater 

Hc  *  The  critical  uplift 

Db  =*  The  thickness  of  the  top  impervious  blanket  at  the 

downstream  toe  of  the  dam 

Ym  «  The  estimated  saturated  unit  weight  of  the  material  in  the 
top  impervious  blanket 

Y*  ■  The  unit  weight  of  water 


Where  a  factor  of  safety  less  than  1.5  is  obtained  the  provision  of  a. 
underseepage  control  system  is  indicated.  The  factor  of  safety  of  1. 
is  a  recommended  minimum  and  may  be  adjusted  by  the  responsible  enginee.. 
based  on  the  competence  of  the  engineering  data. 

4.4.4.  Concrete  Dams  and  Appurtenant  Structures . 

4. 4. 4.1.  Requirements  for  Stability.  Concrete  dams  and  structures 
appurtenant  to  embankment  dams  should  be  capable  of  resisting  over¬ 
turning,  sliding  and  overstressing  with  adequate  factors  of  safety  for 
normal  and  maximum  loading  conditions . 
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4.4.4. 2.  Loads ■  Loadings  to  be  considered  in  stability  analyses  include 
the  water  load  on  the  upstream  face  of  the  dam;  the  weight  of  the  struc¬ 
ture;  internal  hydrostatic  pressures  (uplift)  within  the  body  of  the 
dam,  at  the  base  of  the  dam  and  within  the  foundation;  earth  and  silt 
loads;  ice  pressure,  seismic  and  thermal  loads,  and  other  loads  as 
applicable.  Where  tailwater  or  backwater  exists  on  the  downstream  side 
of  the  structure  it  should  be  considered,  and  assumed  uplift  pressures 
should  be  compatible  with  drainage  provisions  and  uplift  measurements  if 
available.  Where  applicable,  ice  pressure  should  be  applied  to  the 
contact  surface  of  the  structure  at  normal  pool  elevation.  A  unit  pres¬ 
sure  of  not  more  than  5,000  pounds  per  square  foot  should  be  used. 

Normally,  ice  thickness  should  not  be  assumed  greater  than  two  feet. 

Earthquake  forces  should  consist  of  the  inertial  forces  due  to  . 
horizontal  acceleration  of  the  dam  itself  and  hydrodynamic  fore 
resulting  from  the  reaction  of  the  reservoir  water  against  the  structure. 
Dynamic  water  pressures  for  use  in  conventional  methods  of  analysis  may 
be  computed  by  means  of  the  "Westergaard  Formula"  using  the  parabolic 
approximation  (H.M.  Westergaard,  ,fWater  Pressures  on  Dams  During  Earth¬ 
quakes,"  Trans.,  ASCE,  Vol  98,  1933,  pages  418-433),  or  similar  method. 

4.4.4. 3.  Stresses.  The  analysis  of  concrete  stresses  should  be  based  on 
in  situ  properties  of  the  concrete  and  foundation.  Computed  maximum  com¬ 
pressive  stresses  for  normal  operating  conditions  in  the  order  of  1/3 

or  less  of  in  situ  strengths  should  be  satisfactory.  Tensile  stresses 
in  unreinforced  concrete  should  be  acceptable  only  in  locations  where 
cracks  will  not  adversely  affect  the  overall  performance  and  stability 
of  the  structure.  Foundation  stresses  should  be  such  as  to  provide 
adequate  safety  against  failure  of  the  foundation  material  under  all 
loading  conditions . 

4. 4. 4. 4.  Overturning.  A  gravity  structure  should  be  capable  of  resisting 
all  overturning  forces.  It  can  be  considered  safe  against  overturning 

if  the  resultant  of  all  combinations  of  horizontal  and  vertical  forces, 
excluding  earthquake  forces,  acting  above  any  horizontal  plane  through 
the  structure  or  at  its  base  is  located  within  the  middle  third  of  the 
section.  When  earthquake  is  included  the  resultant  should  fall  within 
the  limits  of  the  plane  or  base,  and  foundation  pressures  must  be  accept¬ 
able.  When  these  requirements  for  location  of  the  resultant  are  not 
satisfied  the  investigating  engineer  should  assess  the  importance  to 
stability  of  the  deviations. 

4. 4. 4. 5.  Sliding.  Sliding  of  concrete  gravity  structures  and  of  abutment 
and  foundation  rock  masses  for  all  types  of  concrete,  dams  should  be  evali 'ted. 
by  the  shear- friction  resistance  concept.  The  available  sliding  resis¬ 
tance  is  compared  with  the  driving  force  which  tends  to  induce  sliding 

to  arrive  at  a  sliding  stability  safety  factor.  The  investigation  should 
be  made  along  all  potential  sliding  paths.  The  critical  path  is  that 
plane  or  combination  of  planes  which  offers  the  least  resistance. 
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4, 4. 4. 5.1.  Sliding  Resistance,  Sliding  resistance  is  a  function  of 
the  unit  shearing  strength  at  no  normal  load  (cohesion)  and  the  angle 
of  friction  on  a  potential  failure  surface.  It  is  determined  by 
computing  the  maximum  horizontal  driving  force  which  could  be  resisted 
along  the  sliding  path  under  investigation.  The  following  general 
formula  is  obtained  from  the  principles  of  statics  and  may  be 
derived  by  resolving  forces  parallel  and  perpendicular  to  the  sliding 
plane: 


tan  (<S  +  )  + 


cos oi(l  -  tan  b  tanot 


where 

3  Sliding  Resistance  (maximum  horizontal  driving  force  which  can 
be  resisted  by  the  critical  path) 

b  »  Angle  of  internal  friction  of  foundation  material  or,  where 
applicable,  angle  of  sliding  friction 

V  =  Summation  of  vertical  forces  (including  uplift) 

c  «*  Unit  shearing  strength  at  zero  normal  loading  along  potential 
failure  plane 

A  =  Area  of  potential  failure  plane  developing  unit  shear  strength 


©i  *  Angle  between  inclined  plane  and  horizontal  (positive  for  uphill 
sliding) 


For  sliding  downhill  the  angle  0<  is  negative  and  Equation  (1)  becomes: 


V  tan  (b  -  c*  )  +  - SA - 

cos<x  (l  +  tan  b  tanc*  ). 


When  the  plane  of  investigation  is  horizontal,  and  the  angle  ot  is  zero 
and  Equation  (1)  reduced  to  the  following: 


RR  =  V  tan  6  +  cA  (5) 
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4.4.4. 5. 2.  Downstream  Resistance.  When  the  base  of  a  concrete  structure 
is  embedded  in  rock  or  the  potential  failure  plane  lies  below  the  base, 
the  passive  resistance  of  the  downstream  layer  of  rock  may  sometimes  be 
utilized  for  sliding  resistance.  Rock  that  may  be  subjected  to  high 
velocity  water  scouring  should  not  be  used.  The  magnitude  of  the 
downstream  resistance  is  the  lesser  of  (a)  the  shearing  resistance 
along  the  continuation  of  the  potential  sliding  plane  until  it  daylights 
or  (b)  the  resistance  available  from  the  downstream  rock  wedge  along  an 
inclined  plane.  The  theoretical  resistance  offered  by  the  passive  wedge 
can  be  computed  by  a  formula  equivalent  to  formula  (3): 


W 

b 


W  tan  (<$  +  o<  )  + 


cA 

cos  oi  (1  -  tan  d  tancx  ) 


(6) 


passive  resistance  of  rock  wedge 

weight  (buoyant  weight  if  applicable)  of  downstream  rock  wedge 
above  inclined  plane  of  resistance,  plus  any  superimposed  loads 

angle  of  internal  friction  or,  if  applicable,  angle  of  sliding 
friction 


C*  =  angle  between  inclined  failure  plane  and  horizontal 

c  =  unit  shearing  strength  at  zero  normal  load  along  failure 

plane 

\  =  area  of  inclined  plane  of  resistance 


When  considering  cross-bed  shear  through  a  relatively  shallow,  competent 
rock  strut,  without  adverse  jointing  or  faulting,  W  andcK.  may  be  taken 
at  zero  and  45°,  respectively,  and  an  estimate  of  passive  wedge  resis¬ 
tance  per  un’.t  width  obtained  by  the  following  equation: 


Pp  *  2  cD  (7) 

where 

D  =  Thickness  of  the  rock  strut 

4.4.4. 5. 3,  Safety  Factor.  The  shear-friction  safety  factor  is  obtained 
by  dividing  the  rasistance  Rp  by  H,  the  summation  of  horizontal  service 


loads  to  be  applied  to  the  structure: 


Ss.f  =  Rr  (8) 

TT 

When  the  downstream  passive  wedge  contributes  to  the  sliding  resistance, 
the  shear  fruction  safety  factor  formula  becomes: 


S 


s-f 


RR+  PP 
H 


(9) 


The  above  direct  superimposition  of  passive  wedge  resistance  is  valid 
only  if  shearing  rigidities  of  the  foundation  components  are  similar. 
Also,  the  compressive  strength  and  buckling  resistance  of  the  downstream 
rock  layer  must  be  sufficient  to  develop  the  wedge  resistance.  For 
example,  a  foundation  with  closely  spaced,  near  horizontal,  relatively 
weak  seams  might  not  contain  sufficient  buckling  strength  to  develop 
the  magnitude  of  wedge  resistance  computed  from  the  cross -bed  shear 
strength.  In  this  case  wedge  resistance  should  not  be  assumed  without 
resorting  to  special  treatment  (such  as  installing  foundation  anchors) . 
Computed  sliding  safety  factors  approximating  3  or  more  for  all  loading 
conditions  without  earthquake,  and  1.5  including  earthquake,  should 
indicate  satisfactory  stability,  depending  upon  the  reliability  of  the 
strength  parameters  used  in  the  analyses.  In  some  cases  when  the  results 
of  comprehensive  foundation  studies  are  available,  smaller  safety  factors 
may  be  acceptable.  The  selection  of  shear  strength  parameters  should 
be  fully  substantiated.  The  bases  for  any  assumptions;  the  results  of 
applicable  testing,  studies  and  investigations;  and  all  pre-existing, 
pertinent  data  should  be  reported  and  evaluated. 
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